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“Sunspot” research, by RCA engineers, helps radio communications to dodge interferenci 
from magnetic storms. RCA Laboratories is a center of radio and electronic research, 


93.000,000 miles of laboratory space 


\ evclonic spot erupts on the face 
of the sun, and—here on earth—we 
feel it 


storms sy 


Sunspots cause “magnetic 
which disrupt radio com- 


munications. 

What can be done about it? Research, 
during which RCA scientists and engi- 
“worked” by instrument on the 
93,000,000 miles away 


neers 
face of the sun 


offers an answer. 


For many vears, science has 
related magnetic storms to sun- 
spots. An accurate way of forecast 


mg these disturbances in advan ( 








was needed. 

RCA scientists took a new tack. They 
noted that interference was most intense 
when sunspots were in a certain “critical 
area.’ Location and activity were more 


important than size. 


Using this knowledge, RCA 
communications engineers now ac¢ 
curately forecast the beginning 
and end of magnetic storms. 


Chey have established a daily ma’ 
netic storm forecasting service 
which is distributed like weather 


reports throughout the world. As 


RADIO CORPORATION 


a result, transmission of messages 
can be arranged over circuits 
paths that will dodge interferenc: 


Such a pioneering spirit in research 


gives efficiency of service and leader 


ship to all products and services bearings 
the names RCA, and RCA Victor. 


° ° ° 
When in Radio City, New Jork. you 
cordially invited to see the radio, tel 
sion and electronic wonders at Re 
Exhibition Hall, 36 West 49th Stre 
Free admission. Radio Corporation 
Ameri RCA Building, Radio (¢ 
Vew York 20. 
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Announcing 6 New Charts on 


NUCLEAR PHYSICS 


One of the most important offerings ever pre- 
sented by \ estinghouse School Service ts this set 
of six wall charts on nuclear physies. ‘To the 
teacher and student alike. they will prove in- 
valuable in explaining this new science and in 
showing its significance in the world today. 

The charts—lithographed in two colors—are a 
necessity in modern science classrooms. Included 
with each set is a 32-page booklet containing sup- 


plementary information on nuclear physics. 
The six charts are: 


lL. Particles of Nuclear Physies: Portrays the ten 


basic particles important in the science of 


nuclear physics. 


- 


- Structure of the Nucleus: Explains how 
nuclei are put together and charts 635 isotopes 


of the elements. 
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Nuclear Reactions: Depicts natural amd mas 


made nuclear reactions, ineluding nuclear 


fission. 


Tools of the Nuclear Physicist: Portrays the 


important types of apparatus for detecting and 


inducing nuclear reactions. 


Using Nuclear Energy: Shows five areas fon 


the useful appheations of atomic energy. 


. Progress of Nuclear Physics: Charts the major 


theoretical, experimental and engineering de- 


velopments in nuclear physies. G-1003¢ 
School Service, Westinghouse Electric Corporation 
306 Fourth Ave.. Box LOLT, Pittsburgh 30, P 

kenelosed find § for sets of Nuclear Phiy sic 
(Charts Price $1.00 per set 

Also send “Teaching Aids’, listing 60 other free and 
low-cost classroom aids 
NAMI 
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TIME AND CHANGE IN THE METAGALAXY 


HARLOW SHAPLEY 


Dr. Shapley (Ph.D., Princeton, 1913) was astronomer at Mount I 


during 1914-21, and since that time has bi 


He has received numerous awards for his astronomical 


Prix, Société Astronomique de France, 
Society, 1934; and Pope Pius X/1 Prise, 


of the American Association fi 


OW MUCH of primeval chaos remains in 
the sidereal universe, and how much of 
order, is partly a question of definition. 
ire inclined, for working purposes, to define 
rs and their attendant planets, comets, and 
ors as orderly parts of the cosmos, and leave 
he chaotic category the interstellar and inter- 
tic dust and gas and the swirls of nebulous 
tter that are impelled through space by radiation 
essure and other dissipative forces. But this defi 
is quite artificial. No true chaos exists for 
ho knows all the laws, and all the positions, 
ns, and masses of all material. In the micro 
world, the Heisenberg principle would sug 
it no such knower could exist. But we are 
ng macrocosmically. We are not yet blocked 
knowableness, Our progress toward under 
lng the nature and the past and future history 
material universe will come through the 
lation of partial laws, applying them to in 
letely observed phenomena, testing the pre 
s that evolve from the assumptions and 
es, and thus amplifying the laws. 
Time here considered extends over a hun 
illion years; the Change cannot be directly 
|. It must be inferred from contemporary 
‘eon objects near and far, and therefore 
cts old and young, thanks to the perspective 
hed by the finite velocity of light. 


ri 


uUson Observatory 
n director of Harvard College Observatory 
lwork, among them the Janssen 

1933; Gold Medal, Royal Astronomical 
1941. Dr. Shapley is the retiring president 


). ij q . 
ww the Advancement of Scien 


Fortunately for our progress, there are obser\ 
able changes in the stars and even in the galaxies 
We measure many kinds of variations: for ex 
ample, the changes in position on the surface of the 
sky (very slight outside the solar system) ; and 
changes in motion, in light, surface temperature, 
and spectrum—but scarcely vet in age. From these 
measures, however, we try to infer the ages of 
various sidereal bodies, and also their chemical 
composition, dynamical history, direction of evolu 
tion, and destiny. The problems are large and our 
resources are small. [The examination of the ratio 
of recognized order to apparent chaos, and the rela 
tion of change to time, are fields of inquiry that are 
discouraging to those who would avoid philosophi 
cal speculation and would stay near the observ 
ables. There seem to be too many vague puzzles 
Still, when we note how great has been the prog 
ress in our understanding of the stellar universe 
during the past forty vears, we infer that continued 
observation, and theoretical attacks on the prob- 
lems we know enough to formulate, will probably 
provide during the next generation the grounds 
for demonstrating how primitive our present con 
cepts are 

To help in making obsolete as many of our cur 
rent views as possible, the Harvard Observatory 
has specialized in the study of the southern sky, 


which of ne essity is somewhat neglected, because 
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24-inch Photographic Retractor on 
of the concentration of man power and mind power 
in the northern latitudes. Harvard’s large southern 
station in the Orange Free State, South Africa, 
is dedicated in considerable part to studies of the 
the over-all 


metagalax) system of galactic sys- 


tems. But the several researches reported in the 
present communication on “Time and Change in 
the Metagalaxy” will deal both with problems that 
could not have been handled from the northern ob- 
servatories and with others that require work in 
the north only. 


Concerning the metagalaxy. Although the meta 
galaxy was not in our science thirty years ago, we 
have now acquired a simply described picture of it. 
In a vast but perhaps not limitless expanse of space 
and time we find that the common luminous units 
are galaxies, of which the principal constituents are 
stars. The number of stars in a galaxy seems to be 
of the 10,000 million. But there 1s 
a wide dispersion in population, A supergiant 
galaxy, like our own Milky Way system, may con 
tain more than 200,000 million stars, whereas some 


order ( rf 


dwarf galaxies have scarcely more than 10,000,000. 
still 


Indeed, there may be subdwarf galaxies of 
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Bloemfontein, Orange Free State 
smaller population ; and already there is cony 
evidence that some of the external star cloud 
we would now call galaxies, are probably n 
massive, or luminous, or populous than the gr 
of the near-by globular star clusters. Thus 
bright globular cluster 47 Tucanae, at a distai 
only 25,000 light-years, is approximately as lu 


nous intrinsically as the taint irregular galay 
1613, at a distance of about 750,000 light-yea1 
Involved in the star fields of the indi 
galaxies, especially in those of spiral and irreg 
form, are both bright and dark nebulae, and g1 
of stars in all degrees of organization, fro 
compact million-starred globular systems at 
clusters of the open Pleiades type to the mi 
stars and simple binaries. Not so easily recog! 
as stars and nebulae is the widespread inte: 
and perhaps intergalactic medium that is cot 
of electrons, atoms, molecules. and partick 
material (mostly nonluminous) that causes t 
sorption, blocking, and scattering of light. 
This universal background stuff may be t! 
significant feature of the physical univers‘ 
the stars only a phase that has monopolized | 
a radiatior 


attention because they generate 
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concentration of mass, that happens to 


rongly one human sense organ. Analo 
ve have until recently considerable ovet 


little segment of the spectrum from violet our 
vhich our eyes recognize. To the “short” structures ot 
the long eX] 
et 


and the “long” of red are the energies that 
and reveal the universe. lescopes 
hese material entities, from 


remote 


; through stars to supergiant galaxies, 


nterest in the study of the structure of the meta nately, however, ; 


laxy ; but our attention will be given here mostly near enough to permit 
the galaxies themselves, since they permit us to hat detailed classification and analvsis. We 
plore the depths of space more extensively than ( unk that they are a fair sample « ill tl 


( 


the individual stars or the interstellar gases 
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Coverage ol 


Metcalf teles« ope 


iverage separations of stars one from at 
ererence to 


ire much greater, compared with their linear 
ters, than the relative separations of galaxies tf external galaxie 
linary regions of the metagalaxy there ar ohtness 
in 100 galaxy-diameters from one system 
next, and in some rich regions there is at 
separation of not over 10 diameters: 
from star to star in the neighborhood ot 
there is an average separating distance 0 
than 10,000,000 sun-diameters. 
find a considerable variety among tl 
especially in size and structural organi 
But the inaccessibility of most galaxies, ; 
ty knowledge of those within range 
to classify them into relatively f 


eroidal; the spiral; the irregu 








tion of stars and galaxies has occurred since that 
hypothetical zero point in time, we are not yet 
ready to say. Observations such as those to be sum- 
marized here should eventually contribute to our 
knowledge of the interrelation of Time and Change 
in the Meiagalaxy. 


Progress in a metagalact:c survey, For a score 
of years one Harvard telescope in the Southern 
Hemisphere, the Bruce 24-inch refractor (Fig. 1), 
has been accumulating photographs, each of three 
hours’ exposure on large fast-emulsion plates, as 
a part of a comprehensive survey designed to ad- 
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Fig. 3. 


vance knowledge of the external galaxies in the 
southern and equatorial sky. Fifteen years ago a 
sinilar photographic doublet, the 16-inch Metcalf 
telescope, was moved from the Cambridge station 
to the new Oak Ridge station of the Harvard Ob- 
servatory, and there we undertook to cover sys- 
tematically the northern sky as a part of the same 
meiagalactic survey. In Figure 2 we reproduce a 
map of the whole sky on an Aitoff projection—a 
projection which for most of the sky gives an equal 
number of square degrees for each square inch on 
the map. The curved line is the projection of the 
galactic circle. 

The survey, as indicated by the figure, is more 
than seven eighths completed. The power of the 
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plates varies somewhat over the sky be 
atmospheric and seasonal variations, and 
of inequalities from year to year in the 

photographic emulsions. But since plates 
quality are systematically retaken, we cai 
fair degree of uniformity for the survey 

is to photograph the stars of the whol 


magnitude 18.0 + 0.2; such photographs 


general a complete picture of the distribut 


external galaxies to magnitude 17.5 = ( 
corresponding distance in parsecs to w 
survey reaches for an average galaxy in | 
actic latitude, where space absorption is 


The distribution of 80,000 galaxies in 3,690 square degrees north of Virgo. 


, 
a * 
- \ 
computed from 
log d = 0.2(17.5 + 15.2)4 1 


when, ina survey limited as this one is by 
brightness, we take —15.2 as the averagt 


photographic magnitude of a galaxy. The 


ts 35 megaparsecs, or approximately 115, 


light-vears. 


The calculation refers to average syste 


The giant and supergiant galaxies, of co 
pear in our census even when they are mu 
remote than 35 megaparsecs. Some as d 
200,000,000 light-years are recorded. But « 
ally dwarf galaxies at a distance of only 5 


light-vears are too faint to appear in om 
1 


Most of the galaxies have luminosities distri! 
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around the mean that we can fairly say 


survey covers metagalactic space to a 


\ 
by 

r 

] 


\ 
Va 


ng 


e 


f 100,000,000 light-years. In low lati 
vever, where the brightness has been 
interstellar space absorption, the survey 
each so far, and near the galactic circle 
nowhere at all because of the complete 
yy the clouds of obscuration along the 
y. 

r-exposure photographs already avail 
eighteenth-magnitude survey show ap 


tely half a million galaxies, more than nine 


a 

}] 

S, 

11} 
( 


vhich are recorded for the first time on 
series of plates. The completed survey, 
include many repeats of earlier photo 
ould put on record, and into our sta 
alyses, something more than 700,000 
f which perhaps 20 percent le beyond 
f 100,000,000 light-years. If it were not 


latitude space absorption, the number 


this distance could be nearly doubled. In 


Wore 


1) 
Li 


ls, we find that at least a million galaxies 
100,000,000 light-years of the earth. 
| 


mass of an average galaxy, including the 


rstellar 


sun 


material of its domain, is 10°" times that 
the mean density in space is p = 5 x 10 


hroughout this surrounding volume of 4 


hi. 
ive Pp 
mtr 


f, 
la 


light-years. That value is a lower limit. 
robably underestimated the number and 
ibution of the dwarf galaxies, which be- 
intness will not be recorded in the Har- 


survey; and possibly also we have underes- 


ted the 
Va 

r tl 
COU 

r 

200. 


imatel 


‘mass of interstellar material. Probably 
lue is p = 10°** g/cc. 

ie remotest distance at which an average 
ld still be photographed with the most 
eflecting telescopes, there should be at 
100,000 galaxies. That distance 1s ap 
y 600,000,000 light-years if space is ef 


transparent in these outer regions. A 


reliant 
be ph 
stir 


th 


galaxy like our own system could, how 
otographed with many of the telescopes 
ig at double that distance. No doubt we 
the Bruce telescope already recorded 


i billion light-years away, but we have not 


(| 


1 


the 


OO 
s 


tistically 


i? 
las 
the 
rat 


met 


l 4 18 


the specific images of such galaxies 
thousands at the magnitude limits of 
raphic plates. We deduce their presence 


of northern galaxies. In the northern 
- constellation Virgo is a well-known 
some 200 bright galaxies, with mag 
ing mostly between 10.5 and 14.5. 
er of the main body of the group, which 





is centered on R.A, 12" 30", Dec 12 

10°, but there are many outlying systems that, 
the evidence of comparable brightness, could rea 
sonably be assigned to this large cluster or cloud ot 
galaxies. The most conspicuous extension of thie 
cloud is to the south, through Virgo to the constel 
lation Centaurus, at Dec. — 30°. It makes the total 
extent about 5,000,000 light-vears 

To the north of the Virgo cloud is a wide scatter 
ing of bright galaxies, covering the north galactic 
pole in Coma, and spreading over the constellations 
of Ursa Major and Canes Venatici. In our general 
study of this important northern region, we have 
photographed not only the bright galaxies, but also 
the background upon which they are superimposed 
It is possible, therefore, to present, in the accom 
panyving diagram (Fig. 3), a plot on an equal-area 
projection of the distribution of faint galaxies over 
all that area lying north of declination 10° in 
higher galactic latitude than + 20°. The survey 
plates were made with the Metcalf telescope at Oak 
Ridge, with three-hour exposures on fast emul 
sions. 

The total area of approximately 3,600 square 
degrees covered by this survey contains about 
80,000 galaxies, to the magnitude limit of 
17.6, and many thousands fainter. Before making 
the diagram showing the distribution of the faint 
galaxies, all the plates have been reduced to a com 
mon magnitude limit. Appropriate allowance has 
heen made for overlapping of plates, but no attempt 
to plot accurately the positions of individual gal 


axies within each square degree. Although in 
plotting we have somewhat exaggerated — the 


smoothness of the distribution. the many real clus 


terings, deficiencies, and other irregularities are 


NO 
40 —— 
a | 
30 
~ . 
. ° e . 
20 
. 
. 
« 
10 
. 

+20° +40° +60° +80° 

Fig. 4. Illustrating the effect of space absorption on 
average number of galaxies per square degree. Abscissae 
are galactic latitudes 
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7 1 1 | 1 . 4 ¢ 
learly shown, In particular, it is easy to see the 


effect of space absorption on the number of photo 


vraphable galaxies in galactic latitudes from + 20 
to + 80°. The conspicuous clusterings are now 
under special investigation with the aid of the 


Schmidt reflector at Oak Ridge 

A preliminary examination of the dependence of 
the number of galaxies in this part of the northern 
sky on the galactic latitude is assisted by Figure 
+, where the average number of galaxies per square 
degree 1S plotted for 5-degree intervals of galactic 
the ma 


terial is supplemented with observations not repre 


latitude, (For latitudes greater than + 75 


sented in Figure 3.) There appears to be no certain 
Below 1”. 
falls off 
fact, than in most other 


dependence on latitude above 10) 
the number of galaxies per square degree 
rapidly—more rapidly, in 
parts of the sky. The strong space absorption 
and +40 


in the northern sky is chiefly the “flare” of absorp 


shown here for latitudes between + 20 


tion in ¢ epheus, prey iously pointed out by Hubble, 
and later confirmed by researches on the North 
Polar Cap by Shapley and Jones.? This Cepheid 
flare extends over the North Pole of the sky, and 
produces a considerable absorption and some red- 
dening in the important field of the North Polar 
Magnitude Standards near Polaris. The flare is 
limited in galactic longitude, as can be seen in 
igure 3. 

It is of passing interest to note that we have 
photographed 1,760 galaxies through the bowl of 
the Big Dipper. The galactic coordinates of its 
center are A 105°, B 58 

The galactic anticenter. Diametrically opposite 
the galactic nucleus, which lies chiefly in Ophiu 
chus, Scorpio, and Sagittarius, is a less significant 
hut nevertheless important region of the sky. In the 
anticenter region we can hope to discover most 
easily the extent of the Milky Way in its own plane 
and effectively explore the outer regions of a spiral 
galaxy. 

Obscuring matter along the galactic circle in 
Taurus and Auriga, the anticenter constellations, 
blocks measurements in low latitudes. Any useful 
distance indicator requires transparency, or quan- 

* The examination of the photographs for the work d 
scribed in this section has been chiefly in the hands of 
Rebecca Jones, with assistance from Frances Wright and 
Metcalf refractor were 
Oak Ridge 


others. The photographs with the 
nearly all Henry Sawyer at the 
(Detailed description of the work will be pub 
The dependence of frequency of gal- 


made by 
station 
lished elsewhere. ) 
axies on galactic latitude can be better analyzed after the 
} 


photographic magnitudes of the individual objects have 


been determined 
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knowledge of the absorption, By 


titative 
a careful simultaneous study of Cepheid 
stars and external galaxies in latitudes hig! 


15 or 20 degrees, on both sides of the Milk \\ 
we can, however, get at least an approxinat me 
ure of galactic extent in the direction Opp 
center. The periods and brightness of the ( 
along the borders of the Milky Way give 
first estimates of distances. But they give m: 
values. The number of faint galaxies pr 
measure of the total amount of space absorpti 
each field photographed for variables and 
fore, indicate how much correction must 

to the photometrically determined distances oi 
( eph id variable stars in order to get 

values. 

The systematic study of the anticenter varia t 
has been in progress for five vears. The reg 
under survey is shown, in galactic coordinates 
Figure 5. Several hundred plates have bee 
for the discovery and measurement of the 
Cepheids. Various photographic telescopes 
being used, chiefly those located at the Oak Ridg 
station ; the most effective for the work, bec 
large field and deep reach, are the 16-inch Mi 
refractor and the 24-inch Jewett Schmidt-t 
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Fig. 5. Diagram showing the two anticent 
under special exploration for Cepheid variable st 
cluster variables in this part of the sky that we 
at the time work was begun are shown as 
brighter than photographic magnitude 12, as cro 
fainter. Those close to the galactic circle, B=0 
erally too much troubled by space absorption 
ful. More than 100 new variables have now 
covered in the two regions, and many are Cl 
Cepheids 
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[he variables previously known and cata 
the anticenter region are in general too 
nd too near, or too much involved in the 
itude absorbing clouds, to be useful 
he 150 variables, newly discovered for this 
Martha Dowse, are mostly fainter than 
rteenth magnitude, and many are located 1n 
ons where the population of galaxies 1s sul 


» indicate hig 


a | 


1 space transparency 
e new variables, many are of the cl 
dat this stage of the research, we can re 
t it several are as far from us in the anti 
lirection as we are distant from the galactic 
Presumably these faint variables are mem 
the galactic system, not intergalactic ; but 
them may lie in the “star haze” surroun 
discoid of the galaxy,? rather than in the 
re dy of our flattened spiral system 
tes ntually the research on the anticenter region 
volve star-counting and the analysis of the 


nd spectra of faint stars, as well as the 


: t exploration by way of galaxies and Cephet 


/ 1} ] “7 , PF ae ' 
le l ( stars in the Cl muds OT Vag aii Phe 
[rt inic ¢ louds ( Fig, oO}, aS the nearest or ex 


calaxies, are important 1n our study of the 
laxv because of their resolvabilitv, their 11 
forms, and their significance in the local 
f galaxies. Their Cepheids are of wide 
usefulness. Thev provide much information 
le to the study of Cepheids in our own ga 
Recent investigations in t 
ht out some new facts about Cepheids and 
reinforced others already surmised \ few 
summarized as follows: 
Continued study of the photographic plates 


reased in the two Clouds the number of re 
| classical Cepheids (periods greater than a 
2.500. Some scores of irregular 


to more than 
es and eclipsing stars, found and studied 01 


photographs, are mostly giant and supe 
| 


embers of the Clouds, rather than inter 
lactic variables. Many of them are a 
times the luminosity of the sut 
\bout a dozen cluster-tvpe Cepheid varia 
periods less than a dav) are found on tl 
raphs of the Small Magellanic Cloud, but 


H\ without exception thes opilects are a 


1 7 
sed. No cluster variables that a1 el tel 
1 1 1 
s of either Magellanic Cloud e bee 
¢ 1 
otwithstanding the use ¢ l sper 1 SETiIcs 
] 1 
s made with the 60-inch reflector at the 
\ fy ' tot ' t ny h r ; 
\ eat Sta ( eT 311¢ stars ireé 
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and light curves of more than 500 of the Cepheid 


variables distributed all over the Small Cloud, we 


have confirmed, as noted above, the fact that 


( epheids of longest periods show a preference for 
the dense central regions, and that the shortest 
the intermediate and 
boundary regions. This peculiar phenomenon has 


veriods predominate in 
| | 


not yet been established for the Large Magellanic 





Small Cloud 
pendent system at some other distance. T] 


physical part of the not a 


extends toward the Large ( loud.! 
Distribution of luminosity in galaxies. \\ 


Dr. 
tematic studies of 


Patterson, I have beg: 
the distribution of lun 
over the surface of the nearer spheroidal an 


assistance of 














oe cy ae a ee a a 
50 }— 
TYPE 
4 pa 
. + & £0- 
Sh — 50,a,¢ 
20 -— Sc 
ee s ALLS 
ia aunts 
oe eee ws a 
| | | | | == =f oa 
0 = Be. 
@) -<) 10 Jee) 
DAYS 
Fig. 7. The frequency of periods of Cepheids. Full line :531 Small Cloud variables: broken line: 144 Large 


variables ; 
mon total of 250 by multiplying the ordinate for each pli 


Cloud where, so far, much less material is avail- 
able and where, very surprisingly, scarcely a vari- 
able with period less than 2.5 days has been found. 

f) A detailed analy sis of the dispersion of mag- 
nitudes about the period-luminosity curve shows 
that half a dozen factors contribute to the spread 
in brightness. The four most important are the 
intrinsic differences in luminosity for stars of a 
given period; photometric measuring errors, in 
cluding the doubling effect in the crowded star 
fields; thickness of the Cloud in the line of sight ; 
and patches of absorbing material within the 
Clouds. 

g) An apparent extension, or wing, of the Small 


Its 


distance has now been determined by means of 


Magellanic Cloud was recently discovered. 


Cepheid variable stars, and it is shown to be a 
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dotted line: 288 galactic variables. For convenience of comparison, the curves have been reduced to 


itted point by 0.47, 1.74, and 0.87, respectively. 


galaxies. The photographic work has been don 
the Oak Ridge station with a flat-field refract 
and the plates have been carefully standard 
throughout the processes of exposing, devel 

the 
ing with the microdensitometer. Several work 


calibrating with sensitometer, and 
galaxies generally appear on each plate. About 
the photographs have been reduced and dis 
and a report on one phase of the work has : 


been published. Another discussion will app: 


+ In the investigations of the Cepheid variable 
the Magellanic Clouds, reported in the foregoi 
marizing paragraphs, | have been assisted by 
McKibben Nail, Richard A, \\ 
and Martha Dowse. The photographic work in tl 
ern Hemisphere has been under the direction of 
Paraskevopoulos, superintendent of Harvard’s $ 
rican station. 


Craig, Frances 
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ard Observatory publication. Two of the 
il results may be summarized : 


easurements of a number of spiral galaxies, whose« 
planes are highly inclined to the line of sight, 
that only about 20 percent of the light, some 
much less, of a typical spiral is located in the spi 


ms themselves. Some of it is in the nuclei, of 
but most of it is in the little-noticed background 
ealaxy. The evolutionary implications are obvious 
over-all dimensions of galaxies of the various 
ippear to be much alike. Earlier studies had 
1 to indicate that the open spirals were several 
more extended than the spheroidal galaxies. But 
y appears from the microdensitometry that the 
idal structureless systems can be traced to great 
es from their nuclei. The arms of a spiral galaxy 


(Sc, Fig. 9) to the less open spirals (Sa) to highly 


flattened spheroids (E7), toward the spherical gal 


axy (0). In such a scheme globular clusters like 


the giant 47 Tucanae (Fig. 10), or the still more 


elgantic globular Messier 8&7, 


< 
StS 


spheroidal galaxy, might be considered the end 


which is a typical 


products of galactic evolution, One rather colorless 
argument for this hypothesis is the above-men 
tioned suggestion that spiral arms may not repre 

sent rotational ejection from the nucleus of a de 
veloping galaxy, but represent instead merely an 
inner organization of the nebulosity, star clusters, 
giant and supergiant stars. But such an interpreta 


tion of the arms does not necessarily define the 
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DIAMETER IN KILOPARSECS 


Fig. 8. Distribution of dimensions of galaxies 


three fourths of the galaxies show these spiral 

ns) appear, therefore, to be concentrations, or pet 
ips condensations, within the systems rather than 
tions from a central nucleus. In Figure 8 the distri 
ition of the diameters of the various types of galaxies, 
s shown by the new series of measures, is illustrated, 
ith the abscissae expressed in kiloparsecs.®6 The meas 
d diameters of the smallest objects are about 6,000 
ight-years, the median value is twice as great, and the 
st systems are more than 30,000 light-years in di 
eter and therefore approach comparability with our 


giant galaxy. 


n the evolution of galaxics. From the foregoing 
bservations on the dimensions of galaxies and 
significance of spiral arms, one might provi 
ly conclude that the open spirals do not neces- 
represent the older or more developed state 
lactic system. If there is development along 
ll-known sequence of galaxy forms, it may be 
direction opposed to that usually assumed ; 


in the direction from the most open spiral 
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One kiloparsec equals 2 * 10'® kilometers 

direction of development. Positive arguments for 
a spiral-to-spheroidal trend in galactic evolution 
are the following: 

a) Because of the shearing action in the rotation 
of a galaxy of Class Sb or Se (our own galactic 
system, for instance), the star clusters and star 
clouds which characterize these open galaxies will 
be gradually dismembered and the whole system 
must proceed toward structural uniformity. Thus, 
as Bok and others have shown, the trend of loose 
star clusters is toward dissolution. We have visual 
ized no reasonable mechanism for constructing star 
clouds or loose clusters of giant and supergiant 
stars out of the uniform star fields that characterize 
the structureless spheroidal galaxy. If evolution 
were in the direction of spheroidal to spiral, what 
could be the mechanism that develops irregulat 
clustering of giant and supergiant stars ? 


) The radiant life of upergiant tal 1 rela 


tively briet. according to current 


1Wleas on. the 


5 | 
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atomic generation ot stellar energy  Spitzel and trom which ali this population, as well as t 
Whipple have discussed a process by which the red — ness and spiral structure, has disappeare 
supergiant stars Can develop out dust clouds. Indoubtediy be so jong as t i SE VE 

But such stars apparently do not and cannot evolve — short time scale of about 10 ears. [he shi 

P } — ae 1 vs : . ] ] | 7. ee ae ; 
Ina spheroidal valaxy; my observations on tne scale, however, should not be heid as con ive 
] ]- Iy4 1, +}; ‘ 1]- ] t+ ‘ noing +4 s 
Piant globular clusters indicate that interstella1 demonstrated, notwithstanding strong ¢ f 


dust does not exist profusely 1f at all in a globular favoring it, such as the 








bis Messier 83, a bright southe lass Sx 

cluster or ina spheroidal galaxy, which is therefore — the speed of the expansion of the univers« 
a sterile place for the production of giant young — present existence of open star clusters in t 
stars. Open spirals and irregular galaxies, on the Way. But even within the frameworl 
other hand, are characteristically full of dark and © limited time schedul e could look at the 
bright nebulosity. There the material is available ment of galaxies from the standpoint of di 
for the birth of Piant stars ol low density speeds vo ditferent pliase ul rst be 

Che time required for the transition from a very rapid and explosive adjustment, when the 
open spiral, with its star clusters, nebulosity, dust was “‘young’—a idjustment which res 
clouds, and supergiant stars, to a globular galaxy — sidereal matter aggregating 11 
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Fig. 10. The globular cluster 47 Tucanae 


wy sizes and forms, much as we see them today : 


the other phase being that more deliberate dy > Sy 


ical and radiational process that is now going Galaxie 
bd 1 ] 5 ) 
n, which in the long run must tend to smooth out 38, 10 


t 
the considerably nucleated open spirals. Ther a, 

uch room here for theoretical analysis 1948, 34, 
{ the five brightest systems in our local group >- / 
a . 
I 


alaxies, two are irregular (the Magellani 


ga 
uds) ; of the total group of a dozen, half ar 
regular—a much higher proportion of chaos 1940. 28 
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THE SEVEN DEGREES OF ADVENTURE 
MARSTON BATES 


Dr. Bates, an entomologist (Ph.D., Harvard, 1934), has 
Rockefeller 
Albania until 1939, and then spending a year in Egypt. In 1940 he am 

lavicencio, Colombia, where he is working on jungle yellow fever. 


ternational Health Division of the 


CIENTISTS frequently become involved in 
the problem of writing books about their 
travels in the tropics. The question of ad- 

ventures, in such circumstances, must be taken 
very seriously. It may be possible to explore the 
rain forest without encountering adventures, but 
the moment vou use the word “jungle,” the reader 
starts looking for an adventure, and he will be hap- 
pier if adventures occur at fairly regular intervals 
throughout the text. Keeping the reader happy is 
an important consideration; if he gets bored, he 
may shut up the book and go off to a movie, or 
even remember that he is supposed to help his 
wife wipe the dishes. 

I started to write a book about the tropics the 
other day, and these factors led me, logically, to 
undertake an analysis of the phenomena of adven- 
tures. Clearly, adventures are natural phenomena 
and, as such, subject to attack by the ordinary 
methods of scientific analysis. Preliminary study 
of this sort should enable any scientist to handle 
his adventure problems in a reasonable way, and 
the results of my study may be helpful to col- 
leagues who find themselves in a similar situation. 

I have always entered adventures in my jour- 
nals, along with the more routine natural-history 
observat ons; in addition, I have had the foresight 
to make notes on the adventures of friends and 
casual acquaintances. These made a rather un- 
wieldy accumulation that plainly would have to 
he reduced to some sort of order before it would 
he possible to compose any coherent narrative. 
After various preliminary tests, I decided that 
a punched-card system would provide the best 
method of analysts. 

Punched cards are an indispensable tool in 
scientific work. | don’t mean the punched cards 
used by the statistical Johnnies with big budgets : 
cards with orderly patterns of holes punched by 
electric machines, those superhuman monsters 
that sort the cards, count them, digest them, and, 
finally, with perspicacious efficiency, flush them 
down the drain. The common, nonstatistical, sci- 
entist uses another kind of punched card. It has 
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wen associated with the In 
1935, working in 


wed to Val 


Foundation since 


rows of holes all around the margin and any 
space for writing in the middle. You write out t 
data (adventure, in this case) on the card, anf 
then study its characteristics. You cut notches in: 
different holes along the margin, according 
these characteristics, and then file the cards. 

If, for instance, the adventure includes a pois 
ous snake, you convert the third hole from the le: 
on the top of the card into a notch; if the adver: 
ture concerns a drunken Indian trying to 





someone in the back, the fourth hole from the | 
and so on. Thus, if you want to compare all ~ 
adventures involving drunken Indians with kni 
you simply borrow your wife's knitting need! 

it down the pile of cards through the fourth h 
from the left on top, shake the cards, and all t! 
with drunken Indians fall out. 

I must acknowledge that my secretary, 
Carmichael, did most of the work. I went thi 
my journals carefully and marked my advent 
with a red pencil; she then copied each one out 
a punched card. We worked out the analyses 
gether. We soon found that there weren't en 
adventures in my journals for statistical sig! 
cance, so Miss Carmichael undertook a genera 
view of books on travel in the tropics, ma! 
cards for all the alventures. This kept her bu tan 
a long time and helped me a great deal, 
didn’t have to think up things for her to ¢ 7 ens 
the mornings. hese. hi 

We found that adventures were most satis! 
torily classified according to a scale of degre: 
intensity, and that they fell into seven categor> ° 
Adventures of the First Degree are those in w! hinge 1 
the author faces death. Unfortunately, | 
knowingly faced death in the tropical for 
there were no examples for study in my }: 
We found many fine ones, however, in the t 
literature: the subconscious “freeze” just as | 
intrepid explorer is about to tread on a bus! 

(Lachesis mutus) ; the drunken native lunging “Ghy),. 9) 
the dark with his machete; the rifle that mis 
as the cornered lion springs forward in fu 

Miss Carmichael collected two hundred and s 


THE SCIENTIFIC MO 














oul “What a Jooin [Cc this’ 


cunens of Adventure of the First Degree 

sig! r metierlous studv of seventy-six volumes 

land exploration in tropical regions. From 

we detined certain peculiarities of the cir- 

tances under which the authors of these vol 

s faced death. There were poisonous snakes in 

2 percent of the adventures; in 5.1 percent of 

hese, however, we were able to determine, from 

evidence inadvertently included by the 

4h tor, that the snake was really of a harmless 

S0° Gnd. Authors should be more careful about these 

ngs. If they expect to face death from a poison 

‘snake in the water, they should first make sure 

here are poisonous water snakes in the region 
‘exploring. 

stle Indians, drunken savages, belligerent 

or other varieties of //omo sapiens were 


e 


in 13.5 percent of the adventures. T! 

NS BRthor wavs gave details from his point of view, 

) instance was there any adequate state 

what provocation he might have given 
Indians, savages, or natives, 
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Mammals other than man constituted the peril 
in 26.3 percent of the cases. There was a nice 
geographical correlation here, since the majority of 
these adventures occurred in the Old World 
tropics. IXven a seasoned explorer has_ trouble 
ach-eving First Degree Adventure with the trop 
ical American mammals. 


It is remarkable that the author was not actually 
killed in any of the two hundred and _ sixteen 
situations. (Of course, if he had been killed, he 
wouldn't have been able to finish the book, but vou 
would think that maybe his wife could have taken 


interested in this and 


Oo 
~ 


over or something ) We 
checked on the longevity. statistics for tropical 
explorers. It turned out that on the average the 
live to a very ripe old age, generally dying of 
pneumonia in England or in an automobile a: 
cident in the United States. I feel strongly about 
this because, although I never experienced any 
First Degree Adventures in the tropics, I have 
frequently faced death in Harvard Square or at 


hr 
ut 
uw" 
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Broadway and Forty-second Street. Perhaps I 
‘ould work that into my book by including a final 

nter on Facing Death in Harvard Square (al- 
tnough it looked for a while this morning as 
though my wife might have to write it as an 
epilogue, for posthumous publication). 


Next there are Adventures of the Second De- 
vree. These have to do with women. Miss Car 
muchael looked caretully through my journals, but 
was unable to find any. (My wife also has access 
to my journals, so this is perhaps not strange. ) 
It is queer, though, that she found no examples in 
the seventy-six volumes of travel and exploration, 


despite the fact that shghtly more than half these 


hooks were written by bachelors. Surely they must 
have been exposed to Adventure of the Second 
Degree at times on their travels: a willowy blond 
from Texas in the cocktail lounge of the steamer ; 
a shy, dusky maden bathing in a lonely stream 
in the forest ; some unforgettable figure in the wild 
abandon of a savage dance propitiating some god 
of fertility. By all logic of human nature, these 
authors must have encountered Adventure of the 
Second Degree, but they are remarkably reticent 
about it. 

Adventures of the Third Degree involve sub- 
lethal danger ; of the Fourth Degree, pests ; and of 
the Fifth Degree, officials. These are all very in 
teresting categories. Sublethal danger is a particu- 
larly protean phenomenon: it includes disease 
(fatal diseases, of course, are never listed among 
adventures); hunger; being lost in the woods; 
bodily injuries and mutilations ; and major incon 
venience like missing airplane connections. 

Pests (Fourth Degree Adventures ) include per- 
haps the commonest and most-written-about in- 
cidents of life in the tropics. The catalogue 1s 
endless : 
hedbugs, centipedes, redbugs, ants, and my wife's 
friends, the cockroaches. It is perhaps arbitrary to 
separate officials (Fifth Degree Adventures) from 
other kinds of pests, but the separation has con 


scorpions, mosquitoes, black flies, fleas, 


venience, since adventures with officials and with 
insects generally take place in different settings. 


“ad 2 pee i 
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Official adventures in themselves may ha 
siderable variety: customs officers puzzled 
pickled snakes ; police incensed by the photogra; 
of strategic defenses such as colonial fortress 
poker games with El Presidente (travelers 
seem able to contrive the most friendly 1 
with presidents and kings) ; getting a visa 
you have forgotten to bring along three photos 
copies of your marriage certificate. 

There remain only the Absurd Advent 
(Sixth Degree) and the Unforgettable Thr 
(Seventh Degree). In classifying absurd ad, 
tures Miss Carmichael always tactfully took 
author at his face value. If he reported order 
a glass of milk and getting a fried chicken inst 
that was an absurd adventure, introduced to ; 
comic relief. If he called to his gunbearer for t 
high-powered rifle to shoot a rhinoceros, and y 
given a sho’ gun instead, that was sublethal dang 


7 


(he could always club the rhinoceros with the | 
of the shotgun if it attacked). The first exampk 
course, illustrates the author’s struggles to | 
the outlandish native language; the second 
trates native stupidity and unreliability in tine 
stress. 

Unforgettable Thrills (Seventh Degree) ar 
ways easily recognized: ‘“‘a_ breath-taking 
orama was suddenly spread before my eyes;” ' 
white mz. had ever before heard the clear, | 
song of this beautiful bird;” ‘‘there, quivering 
the palm of my hand, lay a new butterfly, unk 
to the catalogues of science ;” “the sheer beaut 
that flaming orchid will forever be etched 11 : 
memory.” It may be significant that Miss | wt 
michael found a slightly higher frequency ca 
forgettable thrills among male than among fet 
authors. 

When we started to write my book, “Wand 
ings in the Jungles of South America,” we | 
that Miss Carmichael had mixed up my advent 
with those culled from the seventy-six pre 
volumes of travel and had, unaccountably, thr 
them all away. There was enough Whole ‘ 
around the office, however, so that we were 
to proceed with the preparation ef the manusc 
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TWENTIETH-CENTURY NAVIGATION 


N. C. GERSON 


7 


After graduating from the University of Puerto Rico wm 1943, Mr. Gerson, whose 


special field is meteorology, entered the Technical Investigations Sectior f the U. S 


Weather Bureau. He later became associated 
mental Project m southwestern Canada. At present he is chief of the Ele. 


with th 7y Freaues Loran Evrperi 


tromagnetic 


Wave Propagation Section, Watson Laboratories, Red Bank, New Jersey 


there be some that are very inquisitive to 

1 way to get the longitude but that is too tedious 
wmen since it requireth the deep knowledge of 
my, wherefore I would not have any man think 
the longitude is to be found at sea by any instru 
so let no seamen trouble themselves with any 
rule, but (according to their accustomed manner ) 
m keep a perfect account and reckoning of the 
f their ship—Nautical works of seventeenth 


\N ITS general sense, navigation may be defined 
as the science of location, i.e., the science by 
means of which one determines his position 
hin a given coordinate system from observa 
ns made upon objects either within or without 
e system. From a knowledge of his position, the 
igator of a mobile unit may then set a course 
ny other object whose coordinates are known. 
us, upon our planet, the science of navigation 
fords the perception necessary to conduct a vessel 
ther surface craft from point to point on the 


ith’s surface, and enables the navigator to de 


mine his position at any time within some mint 
legree of accuracy. 

\lthough in present usage the connotation of 

gation has been expanded to include avigation, 

ertheless some important differences between 

two sciences should be recognized. Navigation 


restricted to surface location; i.e., it pertains 


‘ically to a surface craft plowing through the 
ter or moving over land at a low velocity 
wn to within a fairly close limit. With a vessel, 
ean currents, winds, tidal action, etc. may force 
ship from its course. However, because most 
these deviating factors may be estimated ac 
rately, corrective action which practically elimi- 
tes their effect may be taken. Contrast this some 
at simple practice with that normally found in 


vigation. Avigation, restricted to location above 
e surface of the earth but in the atmosphere, deals 
indamentally with aircraft traveling at a high rate 
‘speed, The velocity, known only approximately, 
kes place in a supporting medium which usually 
‘ina highly variable and complicated state of mo- 


\s atmospheric winds cannot be plotted in the 
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manner of hydrospheric currents, since the opera 
tion occurs in three dimensions instead of two and 
hecause aircraft travel rapidly rather than slowly, 
avigation is generally more difficult and more haz 
ardous than navigation 

Notwithstanding the finer distinctions between 
navigation and avigation, the present discussion 
will conform with popular usage and allow the for 
mer term to connote also the latter. Thus, the 
original definition of navigation may be expanded 
to include location either on or above a set of co 
ordinates from observations made on objects, 
whose coordinates are known, residing either inside 
or outside the system or both. 

[It will be interesting to note the various subdi 
visions of navigation as the science is applied on the 
earth's surface. All navigation by observations 
made upon objects within the coordinate frame of 
meridians and parallels is iumped together under 
“geonavigation,” whereas when the objects are ex 
traterrestrial, the science 1s termed ‘‘celestial navi 


gation.” When it is necessary to resort to extra 


1 


polation procedures, the method is termed “dead 
reckoning.” A convenient breakdown is shown in 


Table 1 


TABLE 1 
NAVIGATION 
Pilotage 
Geonavigation + Sonic methods 


Radiolocation 
Celestial navigation 
Dead reckoning 
1 ‘ ‘ P : 

Pilotage is analogous to motoring or perhaps 
walking. Both pilot and pedestrian move from 
origin to destination by noting visually the loca- 
tion of prominent landmarks along the route. 
Mountains, towns, and rivers are significant in the 
case of the pilot, and buildings, street signs, and 
bridges in the case of the stroller. Except under 
special circumstances, pilotage is invariably em- 
ployed when possible, even though other naviga- 
tional aids are present. Obviously, pilotage is im- 
possible in fog, clouds, over oceans, or whenever 
visible landmarks are absent. 

Sonic types of navigation depend upon the re- 


257 





—- 











flection of compressional waves traveling either in factors. An unknown wind velocity effective on W 
long course, for example, may carry a pilot { ; 


air or in water. The time required for a whistled 
from his final destination. Between position ¢ 


signal or other sounl to travel from a vessel to a 
near-by clitf and return is measured. From the — terminations obtained by means of either g 
known speed of the wave, the distance between the gation or celestial navigation dead reckoning, , 

ship and cliff is quickly determined. Similarly, re- course, 1s used. we 
flections of sonic waves from the ocean floor may With the exception of radiolocation, one ; 

be utilized. Directional receivers may be employe 
similar to electronic DEF systems. Present sonic 
methods are confined to vessels, not aircraft. With km—weather. 
meteorological conditions attended by poor ho: 


interfering factor is common to all meth 
navigation employed below an altitude of about 2 
Rain, snow, fog, dust, or ot! 
the depth contours now! appearing on the nautical 
charts published by our Federal mapping agencies, 
the navigator, equipped with an echo-sounding de- 

vice, can use the many submarine features de- | whenever unknown or inaccurately prognosticat 
winds are present, the extrapolation procedure e1 ge 
ployed in dead reckoning is subject to serious a: 


+ 


zontal and/or vertical visibility may prohibit ¢ 
use of pilotage or celestial navigation. Furthe; 


lineated on the charts for position location. 
Radiolocation, the third division of geonaviga- 

tion, is coming into widespread usage. In the early | sometimes fatal error. 

Radiolocation methods generally are unique ri 


future it may become the principal mode of terres- 
that they operate, for the most part, independent 


trial navigation, especially if combined with some 

form of an automatic dead-reckoning device. Radio- — of the weather, Sonic systems are also independen: 
location employs the radio wave region of the of weather, but their use is confined to very smual . 
electromagnetic spectrum as an aid in position de- distances of the order of miles. In a relatively fey Qe” | 
termination. Although its prewar usage was mainly — instances, however, the utilization of radiolocat ; 
methods is curtailed by the elements. These cas: fas 


confined to such devices and systems as radio com- 
are caused by meteorological situations which fay 


passes, radio range stations, absolute altimeters, 
etc., today it embraces a wide variety of competing precipitation static or corona discharge because « 
electronic orders, most of them hidden under odd 
or fanciful names. Some of these systems are 
known as Gee, Shoran, Racon, Consol, Decca, 
Raydist, Loran, etc. (It should be noted that if 
instead of employing radiolocation as a category ground stations 
electromagnetic location mooms, etc. Other cases not strictly terrestrial 


snow or dust particles; mechanical failure of rad 
equipment by violent buffeting of the aircrait 
severe turbulence or pounding of the vessel 
heavy seas; lack of signals through destructior 
by hurricanes, typhoons, s 
under geonavigation, 
methods had been used, then pilotage, which em- origin are radio fadeouts caused by ionosplher 
disturbances, which in turn are brought about | 
sunspot activity. However, the proportion of t! 
time during which radiolocation procedures 
nullified by vagaries of the weather is but a ti 
fraction of that when other navigational met! 
are rendered inoperative for the same reason 
Before leaving the field of general navigatiol 
it would be well to emphasize one requiremen' 
hasic to all positional or navigational methods 
This basic requirement stems from geometry: 0! 
observation establishes a given constant coordina! 


ploys the visible region of the spectrum with the 
eye as a receiver, also would have been include: 
within this classification. ) 

Celestial navigation is self-explanatory. Its prac- 
tice consists of establishing the position of at least 
two heavenly bodies upon the celestial sphere frov 
the observer's site. By a transformation of coordi 
nates the observer’s position upon the earth 1s then 
determined. Celestial navigation is the most com 
plex of the various forms of navigation an1 1 
usually employed over the oceans, over cloud 
hanks, over isolated tracts of land, ete., when which the navigator terms a line of position. 


DOS 


second observation defines a second line of | 


pilotage or radiolocation is not available or when 

an independent position check is desired. tion. Obviously, the intersection of two lines + ‘ 
Dead reckoning has been the major form of positions fixes the navigator’s position precise! 

navigation thus far utilized. Essentially it consists In some instances each line of position may ly 

of maintaining a record of the velocities and times — great circle; however, no ambiguity is caused | Procedu 

which have elapsed since leaving the last positively — the second nadir intersection since the navigator } m. Th 

identified position. Dead reckoning, imperative general knows the area in which he is_locat Xs 

when pilotage is impossible, suffers one great dis- Position may be specified by latitude and lon, vie 

+ Tal 


(x, v), by distance and bearing (r, 6), or, i 


advantage. Since errors in it are cumulative, the 
case of dead reckoning, by velocity and time | 


use of dead reckoning is limited by the unknown 
~ 
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Under the tremendous impetus given electronics 
World War II, several original electronic navi- 
ional systems have been evolved during the past 
irs. Some of the systems thus developed 
lized radar techniques such as pulsing and high 
B» recision timing, and others employed only simple 

us Wave transmissions. Although it is not 

nt to deseribe fully all radiolocation sys 
s, it will undoubtedly prove illuminating to note 


te riefly the distinction between the major radio 
' ition classes. A radiolocation system may be 
a issified generally as one of three fundamental 
3 ws: range, azimuthal, or hyperbolic. A fourth 
os pe, composite, Consists of any twofold combina 
= of the previous three (Figs. 1, 2,3). 
= The range type of electronic navigational system 
one of the simplest types proposed. It relies on 
esame fundamental principle as that underlying 
lar: if the velocity of electromagnetic propaga 
“ is constant, the distance or range between two 
va ts is proportional to the time required for a 
- lio wave to make a round trip between these 
8 nts. Even if the coordinates of either the prob 
: g station or the remote point were known, this 
1\ 
se 
It 
; es, ) 
: y 
/ 
t 
t 
“i 
al 
er 
0S g. 1. Concentric circles about each range station, S 
2 4 »», indicate isopleths of constant distance between the 
and the range station. (Not all isopleths have 
" lrawn.) 
Ne 
7 edure establishes only the distance between 
6 ‘em. In general, the navigator then knows that he 
te located somewhere on the surface of a sphere 
' radius, measurably changing in a high-speed 
t] reratt, is known. The intersection of this sphere 
ithe surface of the earth provides somewhat 
1) 1948 


/ | 
| 
/ } 


lig. 2. Radial lines emanating from the azimuthal typ 
navigational transmitters indicate isopleths of constant 
hearing (on a plane earth). Although the stations S; and 
S. are shown as a point, each may include several antennas 
usually separated by a small number of wave lengths 
concentric lines of position, but when these are 
drawn upon a map, their actual shape depends 
upon the map projection employed. The surface 
navigator, however, by maintaining a constant time 
delay on his receiving instrument could navigate 
along any desired “circular” line of position. 

In some systems, such as Shoran and Oboe, the 
mobile craft emits the pulse and receives its re 
flection. An improved method would allow some 
means for distinguishing, from among the multi 
tude of reflections produced by prominent objects 
in the path of the radiation, one particular eclio 
from a_ reflecting point whose coordinates are 
known, This method, employing interrogators, 
solves the problem by installing responder-bea 
cons, or Racons, at desired spe cific ground loca 
tions. Usually the range type of navigational sys 
tem is restricted to a relatively small area on the 
surface of the earth by the limited power of the 
mobile transmitter. 

Azimuthal navigational systems are among the 
oldest: radiolocation aids known and are quite 
familiar through the widespread use of one of the 
methods, the typical direction-finding system. DF 
systems are based on the fact that the electro 
magnetic energy received in certain classes of an 


tennas, square or circular loop antennas for ex 
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hig. 3. “Hyperbolas” indicate isopleths of constant time 
lifference between. tl time ol irrival 1 signals tron 


station pairs S,; and S. and S, and 8S,’ 


unple, is a function of the mutual orentation ol 


the radio wave front and the antenna. By rotating 
received signal strength varies 


the antenna, the 
correspondingly and thus provides a means of de 
ternuning the angle between the incoming wave 
from the distant transmitter and the loop antenna. 
When a radio compass is available the preceding 
information may be manipulated to give the angle 
between the incoming wave and geographical north 
(after corrections have been applied ). 

Navigation by pure DF methods, however, may 
he deceptious, particularly at great distances from 
the transmitter, The deceptiveness arises from two 
facts: the meridians are not parallel but conver 


gent, especially at high latitudes; and the great 
followed by the radiated signal from 


circle path 
is not coincident with the line of 


the transmitter 
distances 


position for a given DI bearing. At 


within about 150 nautical miles the great circle 
path and the line of position for a given bearing 
are, for practical purposes, closely identical (Fig. 
1). For utmost accuracy, corrections must be ap 
plied for the convergence of the meridians and for 
the ditference between the magnetic variation at the 
craft and the radio station. In following a given DI 
bearing, a navigator will describe a loxodromic 
curve rather than a great circle path, 
Under the term of azimuthal 
there Day be classed a subhead ng called direc 


generic systems, 
tional azimuthal systems. These more recent navi 
gational networks require an electrical phase o1 
amplitude measurement, resolved by visual o1 
aural or possibly even metering methods, which is 
essentially converted into a bearing, or radial lin 
of position. When the transmitter ts a fixed ground 


station, the lines of position in the ideal case ap 
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pear as great circles crossing at the station \\ 
long wave lengths, the directional effects 
tained by the use of two or more antennas 
from great distances appear as a point, sey 
from a quarter to several wave lengths. At t] 
low frequencies the resulting radiation patter 
indicating relative signal strength may appx 


3- or 4-leaved ros: ; 


pending upon the antenna spacing. 


lemniscates, cardioids, or 


In azimuthal systems, directional pattern 
frequencies are not produced by physically moj 
or rotating large cumbersome antennas, but 
electronically switching to different pairs oi 
antennas, or by changing their electrical excitat 
The transmitter usually emits at least two ty 
of signals, which correspond to two different 
muthal directional patterns. Thus, regardless of : 
absolute intensity of the two signals at a ¢ 
time and place, their relative strength 1s const 
and is dependent solely upon the bearing 
observer with respect to the transmitting stati 

Perhaps the most familiar example of 
muthal system of this type is the common 
N (--) 
the United States, Canada, and other countr 
This system is received aurally by means of a1 


network (Fig. 5) covering the airwa 


receiver. The installation suffers the disadvantay BE 
of being limited to four directions. (Under sy 
circumstances sporadic, unplotted, or wu 
courses arise which may result in disaster. ) 
Another example, which, however, ts 
stricted to only four directions, is the Cons 
‘his and similar directional azimutl 


horiz 


coverage about the antenna array, inasmuc! 


tem. 
tems do not provide complete 360 


limited sectors (usually in the vicinity of the 





lig. 4. The spacing between meridians is 2 


tude. Even at the comparatively small distanc« 

thove, appreciable deviations between the DF be 
rhumb line are evidet \t greater distances 

DIF station, deviations increase rapidly, 

MO 
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xtension) the error in position determination 
nes excessive. At the transmitter a pattern of 
and dashes is radiated through the combined 
of special antenna arrangement, sequential 
mission of distinct radiation patterns, and 
he antenna current. To 

avigator receiving them, these signals appear 
characteristic pattern of dots, dashes, and 
signal zone (hum), the pattern being a func 
{ the bearing of the navigator with respect 


‘m phase shifts of t 


ie transmitter. Using as an argument the num 
§ dots and dashes received, the navigator re 
to special charts and quickly determines a line 


sItion. 





oa 





Ota A AARA Re 


perpendicular courses are typical ot 
airways ranges. Sporadic courses 
peculiarities of the 


5. The 
found on A-N 
irise because of 
er, or discontinuities in ground conductivity. 


foul 


mountains, 


1 


Stull other systems provide omnidirectional 


) coverage about the transmitting station 
such types are Navaglobe and CAA Omni 
In the former the bearing indicated at the 
le craft is the bearing of the observer trom 
‘ground transmitting station 
a hyperbolic navigational system the differ 
in time of arrival of two radio signals is meas 
The definition of a line of position is similar 
the definition of a plane or spherical hyperbola. 
ane hyperbola is the locus of a point whicl 
es in such a fashion that the absolute value of 


istance from two fixed points equals a positive 
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\bsolute ac position determinatior 


point 1, 


ig. 6 


neal 


uracy 1n 
where the isopleths intersect alm« 


( isople ths interse 


greatel t 
perpendicularly, than near 2, where t 


relatively small (acute) angle 


at a 


constant whose value is alwavs less than the di 
j electro 


tance between the foci. If the velocity of 


Inagnetic propagation is assumed constant, a hy 


perbolic line of position in a plane surface would 


be defined as an isopleth of constant difference in 


arrival time of two synchronized signals which had 


been emitted one at each focus, respectively. lh 


since the earth is a spl roid 


anc 


S111 


actuality, 
the radio waves propagate in three dimensions, a 
line of | hnlie navioati | 

ne Of position In a hyperbolic navigational syste 


lies on the intersection of a hyperbaloid of two 


nappes with the geoid. 
and the meas 


It is thus evident that geometry 


urement of time difference are the qualifying fa 
tors for a hyperbolic navigational system. Eithet 
a pulse or phase technique may be emploved. Wit! 
a pulse system, such as Gee or Loran, the differ 
ence in arrival time of two pulses provides a lin 
of position directly. In the phase method (Dec 
or Raydist), a comparison of the relative phase 
of the two continuous synchronized wave signals 
must be obtained. On 


emitted, one at each focus, 


1 


hyperbolic and azimuthal ove 


+] ] 1 it} 


system types 1s that in the tormer method 
aircratt. A 


oreat advantage of 


no signal need be radiated from the 


sunplitied hyperbolic system 1s portrayed in Figure 
8) 

In a cor IPOSile electrom ivigational ste 
eacl iT tiie Wo stations 1s ol 1 ditt ent tvpe | I 


example, one station may be of t 


azimuthal, tvpe. The resulting pat 


second Ol tl wr 
tern of lines of position mav be seen by superposing 


the appropriate diagrams (Figs. 1, 2,3). Thus f 
1 


however, only the simplest type, range and azi 


+h- ] } > *? s49°° ] 

muthal, Nas been inaugurated 

~ ° 1 

It is appropriate at this time to mentior 

nherent accuracy factor existing in eacl 
in &; 
































various radiolocation or other types of naviga 
tional systems is predetermined by the angle at 
which two lines of position intersect. Obviously, 
any system which could provide an orthogonal 
relationship between the lines of position deter- 
mined by the navigator would contain the greatest 
accuracy factor in this respect. Conversely, if the 
system provided lines of position which crossed at 
small angles, the accuracy would be materially 
decreased (Fig. 7). Orthogonal radiolocation sys 
tems might be devised by combining range and 
azimuthal types of stations which are mutually per- 
pendicular. The hyperbolic type would require a 
family of orthogonal “ellipses’—a_ requirement 
difficult of fulfillment. As it has a comparatively 
small service area, a range type of station has 
limited usage in a long-range navigational system. 
Nevertheless, without such stations in a long-range 
nav-gational system, the principle, or orthogonality, 
in the intersection of lines of position is sacrificed. 

A brief summary of the various systems and 
some typical examples of each type are given in 
Table 2. (The list is not intended to be ex 


haustive. ) 


TABLE Z 
IeLECTRONIC NAVIGATIONAL SYSTEMS 


| Oboe 
Range type Shoran 
| Racon 


A-N 
Direction finding 
Sonne 
\zimuthal typ Consol 
Popi 
1 Navaglobe 
Omnuirange 





Decca 
Raydist 
Hyperbolic typ | pie 
Loran 
Range and azimuthal (1 station of each 
type) 
Range and “hyperbolic” (1 station of 
each type) 
\zimuthal and “hyperbolic” (1 station 
of each type) 


( oMmposite typ 


Various frequencies could, of course, be employed 
for any of the types listed. 

From the partial register given in Table 2, it 
is obvious that a fair choice is allowed in the se 
lection of station types and systems needed to ful 
fll any particular navigational requirement. For 
each station tvpe employed, however, the navi 
gator must have aboard his craft, an] must know 
how to operate, the proper receiving equipment. 
(Some systems, such as 4—N or Consol, require 





little other than a receiver and earphones; ot 
such as Loran, require highly specialized 

ratus and skill in their use.) In addition, each 
of system is usually accompanied by its own s 
of maps printed with lines of position perta 
to the system. If various adjacent countri¢ 
stalled and operated diverse navigational syst 
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Hig. 7. Ideal orthogonal networks portrayed as 
tives of electronic navigational systems. Progress h 
made in establishing the range and azimuthal t 
system shown in bottom drawing. 
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\a- ne range vessels or aircraft would be required to 
on t in excessive installations of equipment, to 
on hand large numbers of charts, maps, and 

; of instruction, and to train their navigators 
use of a wide variety of equipment, all to ac 

lish a similar purpose. Obviously, a stand 
ition of navigational systems was necessary 
void confusion, large investments, and dis 

ment of pay loads. 

effect such a standardization, delegates from 
vy two thirds of the member countries of the 
Provisional International Civil Aviation Or- 
ation (PICAQO), the society now known as 
International Civil Aviation Organization, 
IAQ), met in Montreal during October and 
vember 1946. In addition to other recommenda 
, the PICAO Conference recognized the value 
standard- or medium-frequency Loran as a long 
nge navigational system. Standard Loran already 
is providing adequate coverage over several im 
rtant oceanic regions, and it was deemed of 
ificient worth to warrant further installations as 
e demands arose. However, notwithstanding its 
iny favorable aspects, standard Loran had two 
erious deficiencies: 1t would not provide a cover 
ge area over land because of the large signal at 
enuation at its frequency, and it would not provide 

plete transoceanic coverage within its accurate 

somewhat limited ground-wave service area. 

he same system operated on a frequency about 

/ ne tenth that employed in standard Loran seemed 
overcome both objections. Low-frequency Loran 

us appeared to offer the greatest promise of meet 

¢ the desiderata of a long-distance navigational 

stem. It also met the problem of instrumentation 

not requiring completely new equipment, but 

erely a small frequency converter, which allowed 

.’ Loran signals to be received on standard Loran 

ie pment, Thus, with the converter, both standard 
LF Loran signals could be utilized with, in 

cases, already existing apparatus. The con 

s were sufficiently impressed with the range 

iccuracy characteristics of LF Loran to rec 

inend tentative installation dates (Table 3). 

step is the first one toward a global stand 
ation of long-range electronic navigational 
ms. 

In view of the importance of standard and LF 
nas geonavigational methods of the immediate 
re, these systems will be described in some 

etail. Operationally, both are very similar except 
the additional advantages of LF Loran caused 
e enhanced propagation characteristics at the 

‘ frequencies. 
oran” is a word coined from the initial letters 
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of its definitive phrase: LOng RAnge Navigation. 
The basic proposal for Loran was devised in 1940, 
and in 1942 the first fixed stations were placed in 
operation along various coastal regions. (Simul 
taneously with the development of Loran, the 
Telecommunications Research Establishment, ot 
England, developed a similar system, Gee. In 
1942 information between Radiation Laboratory 
and Lelecommunications Research Establishment 
was exchanged, and research on both systems con 
tinued. Gee was primarily intended to be employed 
by high-altitude aircraft for a comparatively short 
range. ) 

The operational frequency of standard Loran 
lies in the vicinity of 2,000 ke/s, and it may be em 
ployed by both aircraft and ocean-going vessels 
At these frequencies, radio waves propagate 
around the curvature of the earth for fairly large 
distances. Although the general principles of “hy 
perbolic” navigation have already been presented, 
a Loran system in more detail is shown in Figure 
8. At some point P a navigator measures the dif 
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Fig. 8. The master station transmitters are indicated by 
S,; and S,’, and their associated slave transmitters by S 
and S.’, respectively. (Simplified plane Loran system.) 


ference between the arrival time of two pulses, one 
radiated from the system master station S, and 
the second radiated from the system slave station 
S.. A similar time difference is established for the 
and S.’. Each time differ 


ence corresponds to a line of position for the par 


second system pairs S,’ 


ticular station pair involved. In practice, master 
stations for adjacent Loran transmitter pairs ar 


TABLE 3 
Ropian Tentative Installation 

of LF Loran 
North Atlantic Ocean January 1949 
South Atlantic Ocean January 195] 
Southeast Asia January 195] 
\frican continent January 195] 
\ustralasia January 195] 
Pacific Ocean January 195] 








usually coincident ; thus, S; and S,’ would be com 
bined and the station termed a double master. 

Instead of spending considerable time in making 
stellar or solar observations, and performing intri 
cate calculations, the navigator now makes two 
simple measurements of time difference. By noting 
the intersection of two isopleths bearing these 
values on a map, the navigator locates himself. 
Some means of distinguishing the signals from the 
above two station pairs must be given the nav! 
gator. The identification may be easily accom- 
plished by allowing one pair of stations to transmit 
pulses at a rate of perhaps 25 pulses per second, 
whereas the other pair transmits at a slightly dif- 
ferent rate, such as 25 and a fraction pulses per 
econd, A means is also provided to warn the navi- 
gator when difficulties at either transmitting sta- 
tion prevent the accurate transmission of pulses. 

If pulses were emitted by each station simul- 
taneously, the system would contain an ambiguity 
because of the symmetrical spacing of equal-valued 
lines of position on either side of the baseline per- 
pendicular bisector. To remove this uncertainty, 
the slave station radiates its radio pulse, identical 
in wave form with the master pulse, at a constant 
period after receiving the master station 
pulse (Fig. 9). The constant delay is equal to 
22,000 microseconds, plus the time of transit of a 


delay 


radio wave between the two stations in microsec- 
onds. By an electronic arrangement in the receiv- 
ing equipment, 20,000 microseconds are automat- 
ically subtracted from the navigator’s observation. 
The remaining 2,000 microseconds and the transit 
time between the two stations are absorbed in the 
method of labeling the isopleths of constant time 
difference on the Loran navigational chart. This 
chart has, in addition to ordinary latitudes and 
longitude lines, topographic features, lakes, rivers, 
etc., Loran lines of position printed in different 
colors for every station pair. 

At the receiver, the pulses from each station 
are rectified and displayed upon the screen of a 
cathode-ray oscilloscope. By introducing a time 
difference equal in magnitude to that existing be 
tween the pulses when they impinge upon the an- 
tenna, both master and slave pulses may be super- 
posed. The introduced time difference may be 
precisely determined by radar timing techniques 
incorporated in the equipment. 

The accuracy inherent in any navigational sys- 
tem is a major consideration in its ultimate adop- 
tion. In Loran, the accuracy is not constant, but 
varies over the service area. In the most favorable 
regions, along the base line where the lines of po- 
within a few 


sitions converge, an accuracy to 
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I | 


By inserting a residual coding delay oi 
slave station 


Fig. 9. 
microseconds in the transmissions from the 
the ambiguity in position determination that would oth: 


wise exist is entirely eliminated. (Plane Loran.) 


tenths of a nautical mile or less is possible. As 

tance perpendicular to the base line is increase 
the lines of position become increasingly diverge 
thus lessening accuracy. Also, in the region of t 


“degenerate hyperbola,” i.e., along the basel 


m 


extensions, accuracy is so poor, because of the wid 
separation between lines of position, that normal 
this region is not used for position determinatio 
A second factor affecting system accuracy is tl 
distance between the master and slave transmitting 
stations. If the base line is doubled, the error . 
position determination at particular p 
under identical conditions is approximately halv 
Still a third factor is the principle of orthogonalit 
which with Loran chains cannot be maintained. B 


any 


a judicious choice of station location, it is possil 

to have the lines of position from two adjace! “a 
Loran systems closely perpendicular in some smal 
particular area. In general, however, especiall 

outlying distances from the stations, the angl 
intersection of the lines of position will be smal! 

Thus it is evident that the accuracy within a Lora 
service area is intimately associated with the na\ 

gator’s position with respect to both transmitters 

A rough estimate of accuracy is contained in tl 
general empirical rule that the accuracy of positior 
determination is about 1 percent of the mean dis 

tance from the transmitters. If the navigator 

1,000 nautical miles from the stations, he is locat 

within about 10 nautical miles of his determin 
location. 

The standard 
about 600 nautical miles during daylight and ; 
500 nautical miles (but variable) during dark 
The lower coverage area at night is princi 


coverage of Loran over s 


caused by the increased noise, which is of a gt 
relative intensity because of the enhanced p1 
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electromagnetic waves. The decrease: 

noise ratio correspondingly decreases o1 
tes the possibility of obtaining-an accurate ry] 
] —y oO Ki 4 — - arpe ] ] 
ibservation. The smaller coverage area at 


iy be almost quadrupled by employing 
‘hich have been refracted from the iono restricted 
In this procedure, a sky wave is employed — not provi 
leaves the earth at a low angle at the land m 
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“a 
7 
Because the ground wave attenuates mu more 
distances where the tormer 1s ot such small intensity 
may be obtained, depending upon the radio fre 
ter site, strikes the E laver, and 1s re Ge 
as the iD] 


1 
} 


back to earth. This pulse is known as 
‘ 
I 


p EK. By employing first-hop FE. pulses 1 
ve area during night is increased to about 
utical miles from the transmitter. The ad 
transit time required by the signal is take 

nsideration by a series of correction tables t] 
lly, little confusion exists in distinguis 


first-hop EE and ground-wave pulses. Sinc 
the re 


1inY 


t of the E layer is not constant 
The final 


oh 
accuracy is decreased somewhat. 71 
are still satisfactory, however, and during 
some blind bombing was effected by using — | 
ves. When master and slave stations employ 
for purposes of synchronizing their 


vc 
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range, the ground transmitters could be more nical character made their appearanc 


widely separated. Thus increased accuracy over the One such minor difficulty may be m 


service area was obtained, Also a not-inconsider- quarter wave-length antenna is about 
able monetary saving resulted because of the fewer in height. At the present time this ant 
number of ground stations required to cover a_ thin copper-clad wire supported by 
given area. Because of instrumental difficulties, balloon. 

accuracies with LF Loran are not as good as those It should be emphasized that Lorai 
obtained in standard Loran; nevertheless, they radiolocation methods are confined to 
are comparable. One result of the theoretical in- navigation. With the advent of rockets 
vestigations was that if four LF Loran trans- near future, interplanetary flights, thes: 
mitters were located at the corners of a square would be of negligible value in compar 
1,000 nautical miles on a side, a root mean square _ lestial navigation methods. As long as 
distance error of 5 nautical miles or less was ob- less than 150 nautical miles per seco: 
tainable over a service area of close to 3 and 1.7 _ relativistic effects in time of transmissio1 
million square nautical miles by day and night, neglected. One disadvantage of all Lora: 
respectively. Basically, the operational principles is their unsuitability as homing system: 
and techniques of LF and standard Loran are _ line of position passes through both th 
similar. With LF Loran many difficulties of tech- position and his objective. 


TIME 


If time were but a constant pendulum 
Swinging between the boundaries of day 

And night, its tron regularity 

Would drive fear’s midnight messengers away. 


But time’s a seesaw. With a masked unknown 
For fellow-passenger. who can torese 
Whether he'll tip the balance toward the sun 
Or the cold earth’s rock-strewn topography? 


WED CTY 
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é 


FRANCIS BARRY 
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THE EVOLUTION OF TERRESTRIAL LIFE AS 
SEEN BY A BIOCHEMIST 


ADDISON GULICK 


Born in Osaka, Japan, of missionary parents, Dr. G 


Wurzburg. He taught briefly at the Unive 


} 


he has had charge of physiol 


»gical chemistry 


f 
.) 


oth 
h I 


of Missouri, where he is at present chairman of 


O THE naive, terrestrial life may seem the 


least involved and the most natural way in 
which to live, but from the physiological and 
biochemical viewpoint, such life is a highly special 
ved evolutionary adjustment to a difficuit situa 
tion. Historically, the difficulties have proved to be 

« severe that sometimes tens of millions of years 

we been involved in the process of gradually 

ercoming them. 

It is universally agreed that life was originally 
yjuatic, and that the first great expansion of life 
forms was in the sea or possibly in shallow waters 

rdering the sea. Nearly all the mineral nutrients 

‘ living organisms are extremely water-soluble. 

at places them among the substances that leach 
it from the eroding rocks and are thus carried 
ina dissolved form by the rivers into the ocean. 
We do not know how long this process has been 
ging on. It must have begun just as soon as the 

th stabilized at a temperature that permitted 
rainfall. Geologically, the evidence would be the 
iormation of sedimentary rocks. The date of the 
ery earliest sedimentary rocks has not been de 
termined and may never be. In one place and 
another among the very ancient sediments there 
are scattered conditions that permit an approxi 
mate dating of some particular formation. The 
most ancient sediments that have been determined 
by way of the so-called radioactive clock technique 
ive been found to date back about 1,750 million 
years, That does not reveal what older sediments 
ight exist or may once have existed and the 
records perished. 

It was undoubtedly a long time from the first 
iormation of rain water and seas upon the earth 
heiore the exceedingly difficult combination of 
incidences that brought forth life may finally 
have occurred, Nearly all the very ancient sedi 
ents are by now so heavily altered that there is 
ittle in them to show whether life existed at the 
me of their deposition. The likeliest manner in 
hich such evidence may survive would be 
through the existence of streaks of graphite caused 
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by the accumulation of some sort of vegetable 
material. Such evidence can be traced with a tat 
degree of assurance some two and a halt times as 
tar back as the earliest classifiable fossils ; that 1s, 
to about 1,200 or 1,400 million years ago, when 
the graphite-rich Grenville sediments of pre 
[Laurentian age started forming. But that fails to 
tell us what primitive, slowly evolving forms may 
have existed at earlier dates. Such deposits of 
carbon are usually a result of concentrations of 
plant life in shallow water. 

By the time the leaching of the continental soils 


had been going on tor hundreds of nullions of 
l 


dS 


years, it wou 


( 


1 


seem obvious that these surface 
soils, despite many submergences and _ re-eleva 
tions, must have become very seriously depleted 
We must further suppose that the river waters 
originating upon these land masses must also have 
ceased to contain much soluble material, so that 
there was already a sharp contrast between the 
nutrient-poor lands and fresh waters, on the one 
hand, and, on the other, the perhaps already over 
strong brine of the ocean. Under these circum 
stances probably the earliest parting of the roads 
into unlike habitats was the division into marine 
and fresh-water organisms. 

We cannot say positively, but only with great 
probability, that the first colonization of land came 
from fresh water. This would be the less difficult of 
the two alternatives because the mineral content ot 
ground water and of fresh surface water are quite 
similar. Plants must necessarily have preceded am 
nals as colonists on the land, because otherwis« 
animals, completely dependent upon organic food 
stuffs, could not have nourished themselves. 


Vascular plants. It is not unlikely that the 
earliest organisms to establish themselves on land 
may have been microscopic green algae. This has 
to remain a surmise because plants of this sort 
have very little power to leave geological evi 
dences of their existence. Presumably following 
them, but still at a relatively early date, would 
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have been the mosses, an essentially fresh-water 
stock which became the starting point for the 
development of types having strands of vascular 
or woody tissue, thereby forming the first links of 


the evolutionary chain that consists of higher 
mosses, ferns, and flowering plants. The earliest 
good fossils of vascular plants known thus far are 
credited to the Silurian of Australia—age about 
330 million years—but the stock they represent 
must at that time have been long acclimated to dry 
land. 

This great block of plant life, beginning with 
mosses and culminating in flowering plants, has 
considerable solidarity of type and is subject on 
land to a rather characteristic group of special 
limitations and potentialities. Their answer to the 
problem of water shortage was to run rootlets 
down into the earth. This method of nourishment 
establishes an essentially one-way flow of water. 
From the rootlets in contact with ground moisture 
to the green structures exposed to sunlight and to 
evaporation, living on a soil with low sodium and 
low chlorine content, their whole physiology shows 
adjustment to shortage of these more soluble ele 
ments. In fact, most of them have by now evolved 
to where more than a trace of sodium chloride 
amounts to a mineral poison. Regulation, through 
one means or another, of water and mineral intake 
was necessary, first, because many of the essential 
elements have been leached out until they are 
scarce, and, second, because if any form of 
mineral becomes absorbed copiously the excess can 
never be disposed of, and so can hardly fail to leave 
troublesome deposits in the leaf regions, where 
they are left behind when the water evaporates. 

A rooted plant is unable to migrate, so for sur- 
vival some form of dry dissemination is necessary. 
Primarily, we observe in mosses and ferns a sys- 
tem of dispersal by dry spores. Much later comes 
the dissemination of seeds by animal agency or 
wind, and of pollen by visiting insects. 

When dissemination has come to be a dry 
process it has to be dissociated from fertilization, 
which in its earlier evolutionary forms is an 
aquatic process. Mosses and the principal fern 
forms are still aquatic with reference to repro- 
duction, to the extent that they require at least 
a drop of water in which the spermatozoid can 
find the egg cell. It is only in flowering plants that 
the mechanism known as a pollen tube completel) 
supersedes the original aquatic pattern of their 
life cycle. 

Another adaptation in plants meets the difficulty 
of dry air and the resulting high rate of evapora- 
tion. From the liverwort mosses upward, nearly 
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all plants provide themselves with 
spaces, enclosed within their tissues, 
actual individual living cell is removed 
tact with external air and allowed to 
the environment of a water-saturated at 
Excretion also 1s a special problem c¢ 
terrestrial life. Aquatic forms, partic 
simply organized, can get along wit! 
primitive methods of disposal of th 
products. On land the nonvolatile exc: 
terials must usually be especially provid 
green plants are less troubled by th 


than are the other land organisms, be 


are well supplied through sunshine with 1 
withal for reactions that absorb ene: 
gives them the power to re-employ 
form of waste material in biological s 
Plants have a notable ability to dey 
products of their activity in the vacant 
cavities or physiologically dead portio: 
plant structure. It is hard to tell just 
explanation of some of these deposits 
whether they are excreted end products 
logical processes that have hit some chemi 
alley, or whether such deposits may 


fulfilling some highly valuable purpose. T! 
in the nonliving portions of a pitch pine t 


example, may conceivably represent suc] 
alley,” but at least equally well it may 
vision that secures against the rotting 


trunk. Perhaps the most difficult material 


cretory nature for the plants to dispose 
be the mineral material that arrives 


along with the necessary water intake. Aby 


all adjusted land plants have learned to | 
unuseful mineral intake down to a very 
mum. 

One might look upon the higher p! 
representing the most perfect and most 


case of biological adjustment to nonaquati 
One of the evidences in favor of this state 


1 
} 


that no other group of land organisms 
compare with such plants for ability to 
the absence of sodium chloride, the salt whi 
than all other salts has been effectivels 
from the land areas of the world. 


Insects and arachnids. Although it 1s imy 


today to decide what group has the disti 
being the earliest animal type to have 
way out of water onto the land—whe' 


arachnids, comprised of scorpions, spiders 


their relatives, or the centipede tribe, 01 
sects, or the latter two groups together b 
a common early land ancestor—the lb 


THE SCIENTIFIC M 


¢ 


+ 


ent 





animals 


land 


. the arachnids. This is because the earliest 


proof of antiquity among 
m were scorpions, a form that is relatively 
lapted to leaving fossil remains. Spiders 
1 later development, arising by way of a 
r-tailed transition form. Scorpions are found 


we ] 
wel 
slen 
n land in the Silurian strata, approximately 330 

1 years ago. They show obvious relationship 
to their contemporaries and predecessors, the 
marine Eurypterids, which were an ancient stock 
related to the crustaceans, and ancestral to the 
present Limulus, or horseshoe crab, 

When they became terrestrial, the scorpions 
enclosed the eurypterid book gills behind spiracles, 
and so produced “book lungs,”” from which in due 
course the spiders developed a tracheal system, 
superficially similar to those of insects. But it 1s 
unlikely that this resemblance strikes any deeper, 
as there is no indication that insect ancestors ever 
had book gills. 

The origin of insects 1s much more obscure. The 
winged forms, which can be traced back 250 
million years into the time of the coal measures, 
were clearly descended from wingless terrestrial 
predecessors, which are thus far first discoverable 
in the Devonian, aged about 300 million years. The 
ancient wingless insects were very small, almost 
microscopic in fact, and of extremely lowly organi 
zation. Fortunately, their rather near counterparts 
are still to be observed in the ground litter of 
present forests, and the comparative anatomy of 
their soft parts can be studied. In this way it is 
possible to establish a probable relationship be- 
tween them and certain small, primitive kindred of 
the centipedes. Hence comes the hypothesis that 
insects and the centipede tribe had a common 
origin from a very primitive arthropod type that 
was somewhat collateral to the crustacea. They 
may even have emerged onto land before becoming 
bulky enough to require special respiratory organs 
in either the aquatic or the aerial environment. 
Respiration by spiracles and tracheae gives the 
impression of being a joint inheritance of insects 
and centipedes from a very early common terres- 
trial ancestor, 

Insects, centipedes, and arachnids all have 
exoskeletons, inherited from their aquatic ances- 
tors. They all have their physiology founded on 
similar solutions of the problem of air breathing, 
and of reproduction by eggs under dry conditions. 
Thus the different groups exemplify in several 
respects a remarkably parallel or convergent evolu- 
tion. 

Life within an exoskeleton has no great dis- 
advantages for a crustacean that can float quietly 
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in the water, un 


during 


t gravity 


sions when for a fe) 


has no skeleton. ( 


insect cannot afford to grow 

that its weight will ruin its 

\s competition on land increases, natu 
will enforce the limitation on size more 
Thus, all told, 
small organisms. Even in ancient times their max1 


ium observed size was far below the correspond 


modern insects are on the average 


ing maxima for vertebrates—a roachlike form 


with about a 2-foot wing spread and a dragonfly 


] 


ews ‘ : . 1 . 
29-inch spread being the larges 


with a 2 t 
The laws of physics that affect a 
small as the average modern insect 
ferent from those that rule our own 
The muscular power to jump or pull is measurable 
involved 
bod, 


weight and weights of load carried are three-di 


by the cross-sectional area of the muscle 


a two-dimensional quantity—whereas 
mensional, Because of this, an insect with lineat 
100 of a man may have, in 
terms, a muscle strength 1/10,000 of the 
1,000,000 that of the 


roughly, a one hundredfold relative mechanical ad 


dimensions | these 
man's 
and a body weight | man 

vantage over the man in the ratio of strength to 
weight. On the other hand, some physical forces 
that are completely negligible for us may have 
\ny small 


the mis 


ominous consequences for the insect 

insect’s very lite is threatened if it has 
fortune to suffer a moistening contact with a good 
since surface tension 1s a fore 


that far outclasses his muscle powet1 


sized dewdrop, 
Hence their 
devices to combat moistening 


need for various 


with water—special waxy substances on their sur 
faces, water-repellent hairs, wing-scales, et 

\s natural selection pushes organisms gradually 
to higher and higher levels of muscular activity, 


the oxygen needs of their tissues increase in similar 


proportions. In many modern insects the branch 
e 


ing of the tracheal system which supplies them 
their oxygen has been carried to astonishing ex 
ramifications beconx 


tremes, and the ultimate 


tubules only 2-3 » (thousandths mm) in diameter, 


+ 


which actually penetrate some of the cells that 


they serve for gas-exchange purposes. These fine 
bored air tubes bring up a new and unexpected 


complication. Their walls are semipermeable mem 


branes, and, but for the aid of the osmotic pressure 


| 


of the surrounding body fluid, the capillary 


which grows progressively stronger as the tubes 


erow narrower, would suck enough water 1 


tracheal tubes to waterlog them and completel\ 


destroy their function, The smaller the tubes, cl 


force, 


Thin am ite 





higher is the salt content required in the body 
fluids to prevent this waterlogging. Thus we find 
widespread among insects a salt content sufficient 
to give osmotic pressures 50-100 percent above 
that in mammalian blood. Usually potassium is the 
predominant kation ; among anions, HPO, is more 
prevalent and Cl less prevalent than in the verte- 
brates. The comparatively smaller proportions of 
the ingredients of common salt might be considered 
an indication that during their long stay on land 
the insects have developed a more complete 
adaptation to the sodium chloride-impoverished 
terrestrial chemical environment than any verte- 
brate has achieved. 

The laying of subaerial eggs, and the period of 
active biochemical metabolism while encased 
within the closed system of the insect pupa in- 
fluence very powerfully the problems of the bio- 
chemistry of excretion. Aquatic animals, at least 
if not too large and complex, have only a relatively 
simple problem with their excretions, one that can 
be taken care of by providing opportunity for the 
outward diffusion of the useless end products of 
oxidative breakdown. On land, an adult animal 
may have to secrete water that will serve as the 
medium for the removal of wastes. The embryo 
inside an eggshell cannot even do this and, in order 
not to vitiate its available fluids, must find a 
relatively insoluble chemical form in which the 
excrement may be deposited. This is believed to 
explain why, among egg-laying land animals, the 
typical major form of nitrogenous waste product 
is almost universally uric acid, a substance involv- 
ing a much more complex synthetic procedure than 
urea, but easily excreted as a semisolid porridge, 
or deposited harmlessly within the egg shell. As 
far as investigated, the insects illustrate this, as do 
also the spiders, reptiles, birds, and terrestrial 
mollusks. 

Eggs with impervious shells and dry surround- 
ings make it quite impossible for external insemi- 
nation to occur, as was so easy in the water. Thus 
it is necessary for the first true land insects to have 
come from aquatic forms that had already devel- 
oped the reflexes of copulation, along with a 
nervous system adequate to be the seat of such 
reflexes. 

A major means of dispersal among marine forms 
is provided by tides and other water currents. The 
first colonists on land must have forefeited all such 
advantages. Later, this was retrieved again by 
insects acquiring wings, and by young spiders 
learning to float themselves on strands of web, 
let out to the wind. The history of the development 
of insect wings, the earliest of a series of cases of 
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such evolution in several diverse anima 
is so ancient that its story is a lost ch 
paleontology, and the prospect of its re 
not very strong. There have been various 
eses, but little that can be said positively, 
the fact that the opportunity for starting 
career must, as in all subsequent cases, 
sulted from a habit of climbing tall plants 
We can no longer tell with certainty whe 
primary advantage gained was escape fron 
tors, or greater ability to function as a pr 
forager, or to find a mate, or simply) 
opportunity for the dispersal of the speci 
fact that wings are only present after the |: 
suggests the likelihood that for most insect 
evolutionary significance is_ principally 
pre ypagation and dispersal of the species, 


Mollusks. The terrestrial mollusks all be 
the gastropods, or snails, a group whose 
history extends through almost the enti 
million years’ duration of the total fossil 
Since the fundamental classification of gast1 
is based on the soft parts, and since bewi 
similarities of shells often occur in diverse br 
of the snail tribe, it is often difficult so 
the fossil relationships. Forms believed to b 
snails occur from the coal measures, 240 01 
million years ago. Anatomical and _ physi 
characters of their modern representatives 1 
appear that the derivation of the majority 
fresh-water pond snails. The latter, mostl) 
tively delicate and hard to preserve, are 


known from much later strata, beginning wi 
Jurassic, less than 150 million years in the 
Cyclophoridae and Helicinidae, groups of 
snails whose soft parts show affinity to entir 
different branches of fresh- or brackish 


snails, must be credited to independent land 
immigrations. The Cyclophoridae can be t 
apparently as land forms, as far as the Cretac: 
100 million years or a little less, the Heli 
at least to the earliest Cenozoic, about 60 
million years. 

No mollusks are able to sustain activity 1 
atmosphere, because aside from the shell th 
no impervious outer covering. They can liv: 
as long as they can maintain a moist skin. | 
in rain forests and similar locations they ar 
pelled to retreat into their shells or get under 
of ground litter or the like for the greater | 
the daylight hours. At such times the Cy 
ridae and Helicinidae close themselves 
hermetically behind an operculum, such 
marine littoral cousins use. The Clausili 
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e and Asia retreat behind a close-fitting 
clap valve of shell substance, and the mor 
Helices establish a fairly resistant mem 
of dried mucin. Among the Endodontidae 
primitive kindred of the Helices—Pyrau 
ternata impregnates its mucin barricade 
special bitter tasting, brown-colored secre 

that presumably serves as a_ repellent to 
uders. Shell-less forms (garden slugs, etc. ) 
leep under the ground litter, doubtless depend 
on their greater facility at burrowing their way 

1; there, by means of their own slime, they 
tect themselves from desiccation. 

From the limitations of their skin physiology, 
one might argue that snails have at best only halt 
way fitted themselves to life on land. Yet it has 
been found that, like insects and reptiles, the 
Helices have adapted themselves to the problem 
of terrestrial egg-laying by having a uric-acid pat 
tern of nitrogen excretion, This should count as 
testifying to a long evolutionary process that has 
carried very far the essentials of adjustment to dry 
land. We should also note that very few animals 
can make out better in an arid climate than can 
some species of snails, because such a climate 
seldom fails to have dew at night. 


Other invertebrates. It would be a futile task to 
ry to discuss all the invertebrate types that have 
had greater or less success upon land. For many 
the fossil records are simply a hopeless void 
such, for example, as the giant earthworms of the 
circum-Pacific area which, two feet long and half 
an inch thick, although entirely boneless, have the 
muscular strength to race through a canebrake like 
an agile snake. Just one more invertebrate group, 
the land crabs, seems worth mentioning, because 
it illustrates the relatively little-used marine 
beachcomber road for entry to the land habitat. In 
various parts of the world the land crabs seem to 
have followed independently this opportunity for 
finding a new field for a livelihood. But in no in- 
stance have they become entirely independent of 
he sea water. From the lack of contrary reports, 
ve assume that at least their larval stages still 
have to be completed in that medium. 


Vertebrates. The vertebrates were somewhat 
tardy arrivals on land as compared to arachnids and 
insects. Just how they compared with other inver- 
tebrates would be more difficult to tell. The begin 
nings of the landward progress were through fresh- 
water amphibian life, starting in the Devonian, 
perhaps 280 or more million years ago, becoming 
better developed in the Carboniferous period im- 
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mediately followin 
Biol io 


changes involved, 


117 
uld be mere excerpts 


1g 


For vertebrates tl 


difficulties to the completion ot 
dry conditions, Despite their fai 


what elaborated nervous system, they may 


posed to have laid eggs that were outside-insem1 
nated, and they doubtless depended upon aquat 
life for the embrvonic and larval stages. Their ex 
cretory system was presumptively based on urea, 
as is the case with modern amphibia, making 
difficult to incubate eggs anywhere but in water 
hit ‘} 


Modern amphibia have a soft moi 1 whi 


limits their acclimation to land. The same may o1 
may not have been true of the ancestral amphibia 
Great dependence on sodium and chlorine, and a 
need for at least traces of iodine, may to some ex 


oO 
~ 


tent have constituted further difficulties, thou 
the life in fresh water must have provided some 
training in getting along on a short supply of these 
substances. The difficulty that mammals experi 
ence with these shortages may come partly from 
their high turnover of materials and hence high 
losses, necessitated by a high-heat metabolism. It 
is possible, therefore, that the more sluggish an 


cestors of the reptiles did not find this problem so 


troublesome. 


On the side of advantages we may list the pos 


session of a swim bladder that can do duty as a 
lung; the well-developed vertebrate kidney, capa 
ble of evolving to carry out its new terrestrial 
duties, of taking over the whole burden of nitrogen 
excretion, and of developing control of the osmoti 
pressure and blood fluid acid-alkali balance in the 
face of more arduous conditions ; the ability to pro 
duce keratin, or horny tissue, which the amphibian 
animals had not entirely lost, and which had prime 
value as an impervious external integment; and, 
last, the great mechanical advantage of an internal 
skeleton capable of growing as the body grows 

If reptilian hard parts can serve as evidence of 
reptihan physiology, we may infer that near, or 
shortly before, the start of Permian time, some 
thing like 200 million years ago, the difficulties 
were essentially overcome—dry skin, internal in 
semination, dry-shelled eggs, uric-acid excretion 
to conserve egg fluids and body fluids. The geo 
logical clock seems to indicate that it took 80 
nullion years to progress from the start of am 
phibian life io the completed terrestrial form, A 
major aspect of the physiological change was the 
enhanced importance of the kidney. A frog or a 


271 


wini ne eat 





goldfish has all-over contact with its environment. 
A frog both breathes and excretes all over, and its 
lungs and kidneys serve only to make up defici- 
encies and to carry out those phases of excretion 
that need to be accurately adjusted, such as the 
body fluid’s acid-base balance. Even a goldfish ex- 
cretes urea, etc., principally through the gills, and 
uses its kidneys largely to excrete surplus water 


after capturing from it all possible sodium chloride. 


But a lizard or a land tortoise has a watertight 
sealed exterior, and of necessity what the frog 
would let diffuse out through the skin must now 
be placed under control of the kidney, 

In a sense, the reptiles completed the physio 
logical processes of adaptation to land, but once this 
was accomplished the doors were opened for a 
further set of related lines of advance. The exi- 
gencies of physiology within the enclosed egg led 
to creation of a peculiar set of membranes for the 
embryo, and this led next to the possibility of 
intra-uterine development by the altered use of 
these membranes. This was the line of advance 
followed by mammals, beginning with the multi- 
tuberculates, related to marsupials, that came to 
light first in the Triassic, dating some 170 million 
vears in the past. 

When animals were finally completely freed 
irom a watery environment, with its powerful 
control over the temperature of bodies immersed 
in it, and had become at home in a medium that 
supplied more than tenfold the quantity of oxygen 
gas per unit volume of the medium, the way was 


opened thereby for warm-blooded evolut 

first step in this direction had to be the c 
of a deep-seated defect of circulation. The 

between vertebrate gills and circulation 

as to provide the body with fully arteri: 
Not so the pulmonary circulatien in the 

and reptiles, since, being derived as a brat 
the visceral circulation, it merely oxyg 
fraction of the blood and mixed it back \ 
rest of the stream, The evolutionary 
through which the heart and major blood 
had to go to arrive at the four-chambere 
and the perfected circulation of mamm 
birds is a fascinating story, but so familiar t 
student of comparative anatomy that we 
stop for it here. It is hard to tell how far 1 


bone structure as revealing physiological orga: 


zation, but, since in the Triassic the first 
malian skeletons are found and those of birds 
after in the Jurassic (140 or 150 million 
ago), it seems easiest to place tentatively 
rival of warm-bloodedness at about the tin 
terval of the Triassic to the Jurassic. 

Next there follows, as a close corollary 
high level of metabolism and the high gr 
sensory and neuromotor complexity, a rene 
evolutionary emphasis on the nervous systen 


trend that reaches its culmination in intelligent 
beings. Thus we see that the biological conquest 


those relatively restricted fragments of the « 


surface that lie above water level was a major phast 





in the story of the evolution of living forms. 


If a single cell, under appropriate conditions, becomes a man in the space of a few years, there can suri 
difficulty in understanding how, under appropriate conditions, a cell may, in the course of untold millions of 
give origin to the human race.—Principles of Biology. Herbert Spencer (1829-1903). 
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BACTERIOPHAGE LYSIS. MAGNIFICATION, 30,000 


ELECTROMICROGRAPH OBTAINED BY JAMES HILLIER, RCA LABORATORIES, PRINCETON, N. J., IN COLLABORATION W 
MUDD AND ANDREW G. SMITH. NOTE COMPLETE ABSENCE OF DIVISION FORMS OF BACTERIOPHAGE IN LYSED CI 
DENCE OF PARTIALLY SYNTHESIZED BACTERIOPHAGE PARTICLES. HONORABLE MENTION, BLACK-AND-WHITI 
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EXPLOSIVE CHARGE USED IN POULTER METHOD OF SEISMIC EXPLORATION 
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COLLAGEN FIBERS FROM COWHIDE AFTER DISINTEGRATION IN WARM W 
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COMPLETE NEPHRON FROM HUMAN POLYCYSTIC KIDNEY ISOLATED BY MICRODIS 
$Y MURIEL C. MACDOWELL, OF THE DEPARTMENT OF PATHOLOGY, LONG 


THIS INTERESTING PHOTOMICROGRAPH B 
LEGE OF MEDICINE, BROOKLYN, NEW YORK, ALSO WON HONORABLE MENTION IN THE BLACK-AND-WHITI 


The technical problem here was to obtain a photo- 
graphic representation of a complete nephron from 
glomerulus to collecting tubule, preserving its 
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structural continuity, at a magnification high 
enough and with sufficient resolution to reveal 
cellular detail. The nephron was first isolated from 
a human polycystic kidney by microdissection after 
maceration in HCl, then mounted on a slide and 
stained. 

Since no microscope objective of the required re- 
solving power will cover a field as large as the 
nephron at a magnification of 150 x, it was neces- 
sary, by means of an especially devised movable 
stage, to take overlapping negatives of the entire 
object and from these, because of the lack of flatness 
of field inherent in microscopic optics, to select and 
cut out the central areas where sharp definition was 
preserved. Exposure, development, and _ printing 
were controlled to obtain prints of the same photo- 
graphic quality ; 34 selected portions were then fit- 
ted together to produce a photomicrograph of the 
complete nephron in its continuity from the glomer- 
ulus (upper right) through a cystic proximal con- 
volution with its hyperplastic cellular proliferation 
down the loop of Henle and up to the cystic distal 
convolution, which terminates in a blind end (up- 
per left). 

The value of such large photomicrographs is 
illustrated by the problem under investigation, as 
the extensive area affords a view of the most im- 
portant factor in the pathogenesis of the cystic 
disease, i.e., the sealing off of the distal convoluted 
tubule with disruption of the glomerulus from the 
resulting back pressure. 
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HE increase of the population of the United 
States has been one of the world’s outstand- 





ing demographic events. When the first 
ysus was taken in 1790 the nation had slightly 
ss than 4,000,000 inhabitants; on July 1, 1948, 
had more than 146,000,000 (Fig. 1). This rep- 
sents the addition of more than 141,000,000 
rsons ina century and a half, or growth to more 
han thirty-five times the size at the beginning of 
he period. Few nations of the world have sur- 
wssed or even equalled this performance. 
For at least 70 years ( 1790-1860) the popula- 
ion increased at a rate of 32-37 percent a decade. 










uring this period several prominent people, 
mong then Abraham Lincoln, made estimates 
‘the additional growth that was to be expected. 
ike most of the others, Lincoln assumed the 
ontinuation of a relatively high rate of increase 
nd forecast a population of over 250,000,000 in 
030. The 1948 forecast according to his assump- 
ions would be 430,000,000—tthree times the actual 
opulation. Fortunately for our standard of living, 
he rate of increase declined after 1860. From 
1860 to 1890 it was close to 26 percent per decade ; 
furing 1890-1900 and 1900-10, about 21  per- 
tent; and during 1910-20 and 1920-30, about 15 
t 16 percent (Fig. 1). The great depression of 
he 1930s reduced growth to less than 8 percent 
rom 1930 to 1940, whereas prosperity raised it 
f) nearly 11 percent from 1940 to 1948 (which 
probably means over 13 percent for the current 
fecade). During the 1950s and 1960s the down- 
ward trend in the rate of increase probably will 
be resumed, 

Although the intercensal rate of growth fell 
iter 1860, the number of persons added to the 
bopulation during the 10 years between censuses 
ncreased to the 1920-30 period, when it was 
hore than 17,000,000. The gain from 1930 to 
140 was less than 9,000,000, but that since 1940 
xceeded 14,000,000 by July 1, 1948, and prob- 
bly will exceed 17,000,000 when the 1950 census 
S taken. Smaller gains are to be expected during 
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the 1950s and 1900s. By 1975 the population is 


likely to be between 165,000,000 and 170,000,000 


Growth from tmimigration and natural increase 


How much of the large growth in population has 


come from immigration and how much from 
natural increase (the excess of births over deaths ) 
is a question about which much has been written 
The best information comes from a study by Jo 
seph A. Hill, formerly Assistant Director of the 
Bureau of the Census. His results indicate that the 
white population of colonial stock increased from 
approximately 2,300,000 in 1780 to 41,300,000 in 
1920—a gain of 39,000,000—and that the immi 
grants who came after 1780, together with their 
descendants, amounted to about 53,500,000 in 
1920. In other words, approximately 42 percent 
of the gain of 92,500,000 in the white population 
between 1780 and 1920 came from the natural in- 
crease of the colonial stock, and 58 percent from 
the immigration which took place during the 140 
year period and the excess of births over deaths in 
this group. It is probable that these proportions 
have not changed muci: since 1920. 

Official records concerning the amount of im 
migration date back to 1820 and show that until 
1914 the general trend was upward, with large 
increases occurring during periods of prosperity 
and smaller decreases during periods of depression. 
The maximum inward movement took place in 
the fiscal year 1906-07 when more than 1,335,000 
immigrants were admitted, but 1913-14 with over 
1,210,000 was a close second. The movement back 
to the “old country” was relatively large in the 
latter period, for many foreigrers came to work 
a few years rather than to settle permanently. In 
consequence, the number arriving exceeded the 
number departing by about 770,000 during 1913 
14, and probably by somewhat more in 1906-07. 

Immigration was reduced sharply by World 
War I, but probably would have rebounded to new 
heights during the postwar years had it not been 
checked by the quota system imposed by Congres- 
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Fig. 1. Total population and intercensal increase, 1790 
1950. 


sional action. As it was, arrivals exceeded de 
partures by about 3,200,000 in the 10-year period 
1920-30. Administrative regulations brought fur- 
ther reductions and, together with the depression, 
led to a net outward movement during 1931—32. 
Since then the net inward movement has been 
increasing, and in 1947 immigrants exceeded 
emigrants by about 215,000. Between 1940 and 
1950 the difference probably will be in the 
neighborhood of 1,500,000. 

The net immigration during a decade was 
largest in comparison to the current population 
during 1850-60, when the excess of arrivals over 
departures amounted to about 12 percent of the 
1850 population. A secondary high in this ratio 
(over 10 percent) was reached during 1880-90, 
but since then the trend has been sharply down- 
ward. During the present decade current immi- 
gration probably will increase the population by 
1-2 nercent, as it did in each decade from 1890 to 
1830. 

Although the excess of immigrants over emi- 
grants has been very large in certain years, the 
excess of births over deaths probably has been 
still larger in every year, and certainly has been 
much larger in most years. Even in 1913, when 
net immigration amounted to nearly 999.000, 
births outnumbered deaths by about 1,200,000. 
Estimates prepared by Whelpton for the 10-year 
periods from 1800 to 1950 indicate that in most 
of them more than 70 percent of the current 
growth of the white population came from natural 
increase, and that in only two decades (1880-90 
and 1900-10) did immigration contribute as much 
as 40 percent (Fig. 2). Such comparisons do not 
tell the whole story about the contribution of im- 


migration to population growth, however, for a 
high proportion of the babies born during 1910-20 
(for example) had immigrant parents. 

The rate of natural increase (the birth rate 


minus the death rate) was largest ci 
when it averaged approximately 35 
all except two of the following de 
come successively smaller, decreasi: 
per 1,000 during 1850-60, to 13 pe: 
1900-10, and reaching a low of 7 per 
1930-40. The present decade prol 
recovery to about 12 per 1,000. It 
in the rate of natural increase that 
responsible for the diminishing rat: 
growth since 1860. 


THE LONG-TIME DOWNWARD TREND ¢ 


The decline in the rate of natural i 
the early 1800s reflects a more rapi 


I 
) 


birth rate than the death rate. The Bi 
tion Area did not include all states unt 
it is possible to judge what was 
the birth rate in earlier years by ol 
ratio between the number of children ai 
ber of women enumerated in the cens 
there were avproximately 1,340 

five years of age per 1,000 white 
twenty to forty-four, and in 1810 app 
1,360. Since 1810 every census except 
of 1860) has shown a smaller ratio *] 
decessor. In 1860 there were 905 « 
1,000 women, a decline of about on 
1810 (but slightly more than in 18: 
the ratio was 666, a decline of about 
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Fig. 2. Intercensal increase of the white poy 
births minus deaths, and from current immi¢ 
1950. 
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The last census (1940) showed a ratio 
down more than one third since 1900 
The next census (1950) will show a 
intially higher than that of 1940, and 
chtly above the 1930 ratio of 506. Even 
be only a little more than one third as 
the 1810 ratio. When an allowance is 
the great reduction which has_ been 
the dea‘h rates of small children ( whicl 
' ise the ratio of children to women), it is 
lent that the birth rate of white women has 
ped at least 65-70 percent since 1810. 


information about the Negro population 

lable from the censuses for 1850 and later 

ears. In 1850 there were approximately 1,090 
‘dren under five per 1,000 Negro women aged 
wenty to forty-four. The 1880 ratio was the same, 
+ since then there has been a decline to about 
13 in 1940. The ratio will be higher in 1950 than 
1940, but probably less than 554, the 1930 


\Ithough fertihty has declined throughout the 


‘nited States, the reduction has progressed fur 
er in some places than in others. In general 
decrease has been largest in the most urban 
reas and smallest in the most rural areas. Even 
early as 1800 the ratio of children to white 
men had fallen to a much lower figure in New 
‘nsland (about 1,160) than in the East North 
the area now occupied by Ohio, Indiana, 

llinois, Michigan, and Wisconsin (over 1,900). 
ifferences in 1940 may be illustrated by compar- 
ng the ratio for white women in New York City 
which had fallen to 269) with that for the rural- 
tm population of North Dakota (which had 
eclined only to 748). The former is barely one 
urd of the latter. This is not an extreme dif 
erence, for several cities have a lower ratio than 
‘ew York, and many rural counties have a higher 
ptio than the farm population of North Dakota. 
Causes of lower fertility. Much has been written 
uring past decades concerning the causes of the 
ecline of the birth rate. Usually the blame has 
en placed on one or more of the following: a 
ss favorable marriage rate, a rise in the propor 
fon of pregnancies ending with a miscarriage or 
illbirth, the more frequent resort to illegal 
bortion, an increase in low fecundity or sterility, 
nd the more widespread and effective practice of 
ontraception. The first two suggestions are of 
ttle or no importance, for the evidence now 
vailable indicates that during the past 60 years 
he marriage rate has become more favorable, and 
he proportion of pregnancies ending with a mis 
arriage or stillbirth has decreased. An increase 
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Fig. 3. Children under five per 1,000 w 
women aged twenty to forty-four in the | 
selected regions, census years 1800-1940 


in the pract.ce of illegal abortion probably has beet 
of only minor importance, for the studies that 
have been made indicate that not more than 5 
percent of the pregnancies of urban white women, 
and a smaller proportion of those of rural whit 
women, have been terminated illegally in recent 
vears. Even if there were no illegal abortions in 


1810 and the best current estimates are only halt 


as large as they should be, less than one tenth of 


the decline in fertility would be accounted for. 

The role of low fecundity or sterility is more 
obscure. There is little reliable information as to 
how much the birth rate is currently reduced by 
defects in the reproductive system, but a study of 
nearly 2,000 native white Protestant couples in 
Indianapolis indicates that it may approximate 
25 percent. Still less is known about the situation 
in earlier decades. Some gynecologists believe 
that there has been a notable decrease in the 
physiological Capacity of couples to pr duce child 
ren, and others that the change has been small. 
But even if no couples were sterile or low in 
fecundity in 1810 and if these conditions have 
reduced the birth rate by 25 percent during recent 
years (which appears to be an extreme combina 
tion of assumptions), only about 15 percent of the 
decline in fertility between 1810 and 1940 would 
be explained. 

Much evidence is available to show tirat attempts 
to restrict family size by the practice of contracep 
tion have been widespread and effective during 
recent years, and have lowered the birth rate of 
large groups of the population by as much as 
65-/5 percent. That similar attempts were made 
early in the nineteenth century is certain. That 
they reduced the birth rate much less at that time 
than in recent years is proved by the relatively 
small difference that formerly existed between 
the actual birth rate and the maximum that 1s 
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biologically possible. It appears certain, therefore, 
that the birth rate has dropped 65-70 percent 
since 1810 primarily because couples have wanted 
smaller families and have made great progress in 
learning how to restrict the number of children 
by practicing contraception. 

The recent rise in the birth rate. Although the 
birth rate declined most of the time from 1810 to 
1933 and probably was less than one third as 
large in the latter year as in the former, it has 
risen substantially since 1933. In that year there 
were 18.4 births per 1,000 persons in the popula 
tion ; in 1947 there were 27.2. The increase is more 
striking when numbers are considered, for the 
3,910,000 births of 1947 exceel by nearly 1,600.- 
000 the number in 1933. Does this recent rise mean 
that the long-time downward trend of fertility 
has been reversed, or is it a temporary phe- 
nomenon resulting from World War II and asso- 
ciated conditions? To answer this question it is 
helpiul to consider separately the rates for first 
births, second births, third births, and births of 
other orders per 1,000 women aged fifteen to 
forty-nine, and to deal only with native white 
women (who bore over 85 percent of all the 
children in 1947), because birth certificates are 
filled out more accurately for these women than 
for colored women. 

From 1920 to 1933 the rate for first births, 
second births, and births of other orders declined 
in a rather similar fashion, the reductions varying 
only 2640 percent. From 1933 to 1947, however, 
the trends of these rates have differed widely. At 
one extreme is the rate for first births, which rose 
in most years from 1933 to 1942 and reached a 
record-breaking high of over 40.0 in 1947. This 
is almost double the low of 22.2 in 1933, and well 
above the high mark of 32.6 reached after World 
War I. At the other extreme is the rate for eighth 
and higher order births, which declined in most 
years from 1933 to 1942, and in 1947 was about 
25 percent smaller than in 1933 and 60 percent 
below the maximum following World War | 
(Fig. 4). Rates for intermediate birth orders have 
followed intermediate trends. Thus, the decline 
lasted until 1935 for second births, until 1937 for 
third births, until 1939 for fourth births, and until 
1942 for sixth and seventh births. Similarly, the 
reaction from the lowest rate has been small for 
sixth and seventh births, and increasingly larger 
for fifth, fourth, third, and second births. 

An analysis of these changes and of changes in 
other conditions during the period in question 
suggests certain conclusions. One is that the rates 
for first and second births have varied from year 
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Fig. 4. First births, second births, etc., pe: 
white women fifteen to forty-nine years of ag 


to year primarily in accordance with 
and depression (modified by peace and 
have shown no definite upward or 
trend, In other words, during the 1920 
as a whole, there seems to have been litt 
in the proportion of couples having 

» child. A secend conelus on is that 
the proportion of couples having eight 
children has been declining rapidly 
regardless of changes in economic, n 
other conditions. Conclusions regardi 


of two to seven children are between 


tremes. 

These specific conclusions have certai 
ies. First, the rise in the birth rate fro 
1943 and from 1944-5 to 1946-7 
primarily the occurrence of births that 
poned by the depression and by World 
respectively. Second, when these postponed 
have been made up there will be a shar 
the birth rate and then a resumption 0 
time downward trend. The decline will 
gradual than formerly, however, becaus 
for fifth and higher order births alread 
low. Third, the permanent stoppage 01 
of the long-time decline will require t! 
couples of the type that formerly would | 
no child or only one or two children deci 
an additional one or two. Only such a 
inent can offset the further declines whi 
pected in the rates for fifth and higher or 

THE DECLINE OF MORTALITY 

Although mortality rates have not d 
much as fertility rates since 1810, st: 
ductions have been achieved. What 
during the first half of the nineteenth cen! 
be judged by a few studies, for death: 
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regis! din most states, the records kept by the 
ng states were incomplete, and the census 
it provide a measure of mortality as it does 
‘ fertility. In 1793 Edward Wigglesworth esti- 
mated that in Massachusetts four vears earlier 
there were 27.8 deaths per 1,000 persons. In 1857 

B. Elliott estimated the 1855 death rate as 21.4 
if these estimates are correct, the Massachusetts 
rate was cut nearly one fourth in 66 years. Little 

gress was made between 1855 and 1895, the 
rate being between 18.0 and 22.0 in most of these 

‘s, but between 1895 and 1921 the likelihood 


ig within a year was cut by more than one 


nro 
1( 


During subsequent years the Massachusetts 

rate has remained fairly constant between 11.1 

3.2. Since 1933 (when the death registration 

irea became nation-wide) the United States rate 

has been slightly below the rate for Massachusetts, 

has been even more stable (between 10.4 
and 11.6). 

Death rates by age. A better appreciation of 
the progress made in postponing death may be ob 
tained by considering what has happened at vart 
us ages in Massachusetts, one of the states with 
the best early records, In general, the proportional 
change in the death rate has varied from a large 
drop for young children to little if any decline for 
‘Iderly people. During most years from 1855 to 
1900, there were 190-225 deaths per 1,000 babies 


less than one year old. By 1920 this infant death 
112; by 1946 it had been 
cut to 33—less than one sixth of the rate before 


rate had been reduced to 


1900 (Fig. 5). The biggest single factor has been 
the control of diarrhea and enteritis, which for 
merly killed more than 40 babies of each 1,000 
born, but which now kill fewer than 3. 

Striking progress toward saving life has also 
been made among children aged one to four. In 
Massachusetts their death rate was cut from 40 
per 1,000 in 1855 to 2 in 1945, a reduction of over 
95 percent! After childhood, however, efforts to 
prevent death have been less successful age by age. 
At ages ten to fourteen the rate was cut by about 
85 percent during the 90-year period (from over 5 
to less than 1) ; at ages twenty ‘o twenty-nine the 
relative drop was equally large (from more than 
12 to less than 2) ; at ages forty to forty-nine the 
reduction was about 60 percent (from 14 to less 
than 6), but at most older ages the downward 
trend has been slight, or absent (Fig. 5). Thus at 
ages sixty to sixty-nine and seventy to seventy- 
nine the probability of dying during the year was 
about as great in Massachusetts in 1935 as in 1855. 

Mortality rates for the nation as a whole in 
recent years have been similar to those for Mas 
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sachusetts at ages over fifty, though slightly higher 
it vounger ages. The latter rates have been re 


- 
duced substantially since 1935, however, and there 
are some indications of real progress in postponing 
deaths among older persons. [i conditions should 
continue as thev were in 1945 the average white 
baby would live to age sixty-five—about twice as 


long as was the case 150 years ago 


1 } 


Causes of death. Vhe large reductions in deat 
rates from inianey to middle life are the result 
of scientific progress, general economic better 
ment, and expanded public-health programs. Cet 
tain contagious or infectious diseases which were 
unportant causes of death only 50 years ago 
have been almost eliminated, and the mortality 


greatly reduced. Typhoid 


from others has been 
fever and diphtheria each killed more than 28 pet 
sons annually out of every 100,000 of the popula 
tion in 1900-02, and measles, scarlet fever, and 
whooping cough more than 10 each, but in 1945 
these five diseases combined took a toll of less 
than + (Fig. 6). The bronchitis death rate has 
been reduced by a larger absolute amount in the 
same period (from 40 to 3), and the pneumonia 
and influenza rate still more (from 190 io 52) 
The largest reduction of all is in tuberculosis mot 
tality, the rate for this disease having been cut 
irom 186 to 40. A very large reduction has also 
been achieved in the rate for diarrhea and en 
teritis, from 122 to 9 deaths per 100,000 persons 
per year. 

In contrast to the foregoing is the relatively lit 
tle progress made in preventing deaths from cet 
tain other causes. The rate for intracranial lesions 
of vascular origin (popularly called apoplexy) de 
clined only from 106 per 100,000 persons in 1900 
O02 to 98 in 1945, and that for nephritis from 90 to 


’/ ( Fig 6). More discourag lg 


Fig. 5. Deaths pel 1,000 persons of specified ages, S¢ 
lected years, Massachusetts, 1855-1935, and United States 
1935-45. 
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Fig. 6. Deaths from important causes per 100,000 persons 
in the death registration states, selected years, 1900-02 to 


1945. 


recent death rates for cancer and diseases of the 
heart (134 and 322 per 100,000, respectively) are 
more than twice as large as formerly ; each of these 
is now responsible for many more deaths than any 
other cause. Part of the greater incidence of can- 
cer and the so-called degenerative diseases is ap- 
parent rather than real, however, because diag- 
nosis has become more accurate and because there 
has been an increase in the proportion of the popu- 
lation in the older age groups where these causes 
of death are most prevalent. But aside from such 
factors the increase in the rates for these causes 
has been sufficiently large to justify the greater at- 
tention now given to them in the national health 
program. 

luture trends. Whether the over-all death rate 
will decline substantially during the next 50 years 
will depend in part on the continuation of the 
progress made in controlling such diseases as 
tuberculosis, influenza, and pneumonia. Here the 
outlook is favorable, for the more widespread 
utilization of present knowledge regarding the 
causes and control of these diseases would lower 
the number of deaths to a point substantially be- 
low the present levels. There is also a reasonable 
expectation that more effective measures for the 
control of these diseases will be developed, and 
that they will be applied to larger sections of the 
population as public-health programs are intensi- 
fied and extended. 

Although the degenerative diseases have not as 
vet been brought under control, there is hope for 
the future. Because certain damaging infectious 
(e.g., scarlet fever, diphtheria, and ty- 
phoid fever) have almost been eliminated, a sub- 
stantial reduction should occur in the organic 
impairments and aftereffects caused so commonly 


diseases 


by such diseases. As these sequelae are reduced in 
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frequency there should be a reduction in 
ber of organic breakdowns or a postpot 
these breakdowns until later in life. Si: 

should result from the more recent cai 
control venereal disease. For this reaso: 
cause of improved techniques for early 

there should be some reduction in the 

from the degenerative diseases even wit 
discovery of better methods for their | 
or treatment. In view of the great amo 


search being done on the causes and 


cancer, it is quite possible that the 
deaths from this disease will be much 


lore many years pass. 


MIGRATION WITHIN THE UNITED S17 


Americans have long had the reputatior 
“on the move” to a extent tl 
people. Since the early 1600s the frontiers 
gradually been pushed back, and the settle: 


greater 


expanded from small communities on 
lantic coast to all the habitable portions 
3,000,000 square miles. During most of the 
main movement was westward, in accordance 
Horace Greeley’s famous advice, “Turn 

to the great West, and there. build up a ho: 
fortune.” 

Interstate migration, The first reliable ini 
tion regarding the amount of internal migrati 
comes from the census of 1850, and is basé 
comparison between the number of persons | 
in a state and the number (excluding foreigners 
living in that state. In 1850 each state from Gi 
gia to Maine (and Kentucky and Tennesse 
well) was found to have sent its native s 
other states in greater degree than it had attract: 
the native sons of other states. In contrast, Flor 
and each state west: of those mentioned had 


+ 


than it had sent its own natives to other stat 
The net loss through out-migration had bee: 
cially large for South Carolina, the numbe1 
sons living in South Carolina being only 
more than half as large as the number bor 
Vermont, Connecticut, Virginia, and North ( 
lina also had suffered a net loss of 25 percent 
more. California had had the largest gain, 1 
contained more than ten times as many p 
had been born within its boundaries! Kat 
more than 2 to 1 occurred for Michigan, Wis 
sin, lowa, Arkansas, and Texas. 

Although a large “westward movement 
t'nued after 1850, its influence gradually \ 
by an increasing movement northward 
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1940 this had gone so far that the Nort! 

states as a group had attracted about as 

people born in other regions as they had 

ther regions by the departure of their own 

(Fig. 7). The North Central region had 

“| somewhat in its exchange with the South 

‘ortheast, but had lost heavily to the West 

rhe South had lost slightly to the Northeast and 

more heavily to the North Center and West. The 

\West had gained greatly from the North Center, 

moderately from the South, and slightly from the 

Vortheast. Vermont and Iowa are the only states 

showing in 1940 a net loss of 20 percent or more 

through interstate migration, but 15 other states 

mostly in the Midwest and Southeast) had lost 

ore than 10 percent. California had benefited the 

most from migration, for nearly 3,400,000 per 

sons—almost half its population—had been borin 

in other states. Florida, Arizona, Nevada, Oregon, 

ind Washington also owed much of their pre-1940 
crowth to a net inward movement. 

During World War II the migration of the 
civilian population followed the general pattern 
just described but took place on a larger scale. 
Nearly 15,000,000 civilians were classified as 
migrants during the three years 1942-44, com 
pared with about 14,000,000 during the five years 
1935-39 and smaller numbers during preceding 
periods. Again it was California that attracted 
outsiders in greatest numbers, with some of its 
neighbors not far behind. In consequence, Califor 
mia now ranks third in population, having passed 
Ohio and Illinois since 1940; before 1950 it prob 
ably will pass Pennsylvania and rank second. 

Migration by color, age, and sex. The white and 
colored populations appear to have been equally 
mobile during recent decades, for in 1940 anproxi 
mately one out of four persons in each group was 
living outside the state in which he was born. The 
situation changed temporarily during 1935-39, 
when the proportion of the population classified 
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Fig. 7. Birth Residence Index : 1940. 12,792,000 migrants 
From an article in the Amer. Soc. Kev. by Henry S 
Shryock and Hope T. Eldridge. Used by permission. ) 
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persons (12.3 percent) as 
Krom 1940 to 
one person in five in 


county lines. 


(8.5 percent ) 


Migration rates were highest for young 
and lowest for elderly persons during 1935 
1940-47, and probably during most oth 
also. Because an important proportion 
young adults who move have married previot 
and started their families, the nugration rate 
children under fourteen has been higher than that 
for persons middle-aged or older, Youngsters o 


high-school age (fourteen to seventeen) have | 


vo 
‘ast likely to move among the population undet 
fifty 

Although men are usually thought to be more 
foot-loose than women, the proportion that makes 
one or more moves has been about the same for 
each sex. This is confirmed by a comparison 
state of birth and state of residence for 1940, ; 
also by the census data on migration during 193: 
39 and 1940-47. If the number of moves could 
be counted, however, it might be found substan 


tall higher for males tho for temales 


de 


The rural-urban movement. For many decades 
@ high proportion of the persons migrating within 
the nation were moving to new land, which they 
began to farm. During the nineteenth century the 
situation was completely changed by the industri 
development, for it greatly stimulated the growth 
of cities. In 1790 nearly 95 percent of the popula 
tion were classified as rural, and only 33,000 
people lived in the largest city (New York). B 
1850 the rural proportion had dropped below &5 
percent, and New Yorkers numbered over 500, 
O00. Since then the urban trend has been acceler 
ated. By 1900 barely 60 percent of the population 
lived in rural areas, nearly 20 percent were in 
cities of 100,000 or more, and three cities were 
over the million mark. By 1940 only 43 percent 
were rural, 29 percent were in cities of 100,000 o1 
more, and five cities were in the million class 
(Fig. 8). 

The great urban growth came about in impor 
tint degree through migration from other 
but the net inward movement prior to 1935 can 
only be estimated roughly for cities with the most 
reliable birth statistics. Net migration to New 
York City probably accounted for 70-80 percent 
of its population increase from 1900 to 1910, and 
the excess of births over deaths for only 20—30 
percent. (In this case, however, the majority of 
the migrants came from abroad rather than from 
other parts of the United States.) The proportions 
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Fig. 8. Proportion of the population in rural areas, and in cities of specified size, selected years, 


were almost reversed during 1910-30, when about a wide margin (probably about 4,000,00 
70 percent of the growth came from natural in- present. The movement to rural areas 
crease and only 30 percent from migration. The cities apparently has even checked the 
two were of approximately equal importance dur- cities, for the rate of increase from 1930 t 
ing 1920-30 and 1930-40. for the rural-nonfarm population ‘igh 
Los Angeles is the outstanding example of a cent) was almost double that of the urbai 
large city which has grown from migration. Its lation (less than 8 percent). A more mn 
popul ition was about 577,000 in 1920; 1,238,000 _ tration of this tendency is found in the 1401 
in 1930; and 1,504,000 in 1940. Of the 661,000 in- _ politan districts, where the rate of gain fro 
crease during 1920-30, approximately 90 percent to 1940 was about 30 percent for the ru 
came from net migration and only 10 percent from farm population, but less than 6 percent 
an excess of births over deaths. The latter was urban population. 
somewhat more important during 1930—40 ; never- Decentralization? Unless war can be pri 
theless, nearly 85 percent of the increase came or at least as long as atomic bombs can bh 
from net migration. war, it seems criminal from a military stand; 
The urban fringe. During the past 20-30 years to permit further increases in the concent: 
automobiles and paved roads have enabled people population in and around large cities. To sto] 
to live in the rural areas surrounding cities, but to trend in this direction, however, probabl) 
continue to work in the cities. At the same time the quire government action of some type. Pri 
development of tractors and other laborsaving  terprise apparently finds it more profitabl 
machinery has reduced not only the proportion of — large proportion of cases to expand facil! 
the population on farms but the actual number of — production in or near large cities than els: 
persons as well, the reduction exceeding 1,000,000 To sacrifice lower costs during an unknow! 
from 1920 to 1940, and 3,200,000 from 1940 to _ ber of years in return for making the natio: 
1947. In consequence, the rural population has what stronger from a military standpoint 
come to consist more and more of persons who are _ factory safer in case of war is a choice f 
like city folk rather than farmers. The rural-non- ness executives can make for various reas 
farm group was less than two thirds as numerous _ far there has been much talk of the need 
as the farm group in 1920, but outnumbers it by decentralization of population and indus 


ty 
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progress toward bringing it about. Un 
gency capable of keeping world peace 
d, it is to be hoped that some feasibl 
stimulating decentralization will be de 


COMPOSITION OF THE POPULATION 


\' of origin. The pre yportion of white per 
ys in the population increased steadily from 
a) to 1930. In 1790 approximately 81 percent 
ere white; by 1930 this had risen to nearly 9 
cent. Since then the Negro group has gained 
Indians, 


Count 


ihtly in relative importance. Others 
hinese, Japanese, etc. 
han 1 percent of the population in each census. 
ndians would have been more important in the 


nsuses before 1890, however, if those in Indian 


have amounted to less 


erritory and on all Indian reservations had been 
numerated., 

When the nation obtained its independence most 
{the white population was of British origin 
nearly 80 percent), with the German group 
cond (over 7 percent), and the Irish third (over 

percent). Although many thousand Britons 
»migrated in subsequent decades, they were out- 
umbered by Germans and Irish, especially around 
middle of the nineteenth century. Toward the 
i¢ end of that century the immigration stream 
anged more radically in composition, the propor- 
‘on of persons from northern and western Europe 
lecreasing and the proportion from southern and 
astern Europe rising rapidly. The net result was 
rat by 1920 persons of all northern and western 
uropean stocks made up about 83 percent of the 
hite population (compared with about 98 percent 

1790) and persons of all other stocks nearly 17 
bercent (compared with about 2 percent in 1790). 
he British group had declined to about 44 per- 
ent, the German group had risen to over 16 per- 
ent, the Irish group to over 11 percent, the Polish 
troup to over 4 percent, and the Italian group to 
ver 3 percent. 

The southern and eastern 
‘ould have become considerably more important 
ince 1920 had it not been for the quota restrictions 
hat have been in force since shortly after the close 
{ World War I. During most of this period the 
humber of immigrants from countries in the East- 
ti Hemisphere could not exceed 150,000 in any 
ear, and the proportion of the 150,000 allotted to 
ch country depended on the importance of that 
tock in our 1920 population. In consequence, 
ere have been no large changes since 1920 in the 


European group 


a ~ ‘ * 
“lative numbers of persons belonging to the vari- 
us stocks. Because the more recent immigrants 
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had higher birth rates than others part of the time 
1920, the Italian, Polish, t] 


ther southern 
and eastern European stocks probably compose a 


and ( 


Lite! 


slightly larger proportion of the population at 
present than in 1920. 

the distribution of the popula 
tion by country origin is to be expected in the 


next few decade:. Relatively few persons—barely 


0.1 
annually from quota nations, and relatively few 
More 
over, as mentioned above, immigrants from quota 
1920 


percent Ol ovr present population can come 


actually do come from nonquota nations 


nations are distributed by stock like ow 


population. Although the millions of immigrants 


from southern and eastern [Europe who arrived 
during 1900-25 had larger families than the rest 
of the population, and for a time contributed more 
than their share to population growth, most. of 
their children have adopted the American fertility 
pattern and have small families. 

The sex ratio. Every census has shown more 
the United States. The 
number of males per 100 females varied between 
102 and 105 from 1790 to 1900, reached a high of 
106 in 1910, and declined to 100.7 in 1940. Sub 


sequent estimates indicate that the decline has con- 


males than females in 


tinued, and that the ratio was slightly above by 
on July 1, 1948. The excess of males in the popty 


lation of 1940 and earlier years was due in par 


to the excess among immigrants, the number of 
males per 100 females in this group varying be 
tween 140 and 230 in most years prior to World 
War I. The more important factors in the aggre 
gate, however, were the birth of about 105 boys 
for every 100 girls, and death rates for females 
which were nearly as high as those for males. 
The decline in the sex ratio since 1910 has re 
sulted from the large reduction in immigration, 
and from greater progress in lowering death rates 
of females than of males. Because the full effect 
of the latter has not been felt as yet, further de 
clines in the sex ratio are to be expected. 
Although males have outnumbered females in 
the total population until very recently, the reverse 
has been (and still is) true for old people. At age 
eighty and over there have been only 80-90 males 
per 100 females—the result of higher death rates 
for men than 
forty. The two sexes have been equally repre 


for women, especially after age 
sented among persons in the seventies, but males 
usually have predominated at ages under seventy 
The general pattern has been as follows: Starting 
with about 105 males per 100 females at birth, the 
sex ratio has declined until the teen ages, because 
of higher death rates for boys than girls. Formerly 
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the ratio rose from the teens to middle life be- — the large decrease in immigration. | 
cause of the excess of males among immigrants, young adults who arrived during 
going as high as 118 at ages fifty to fifty-four in gradually moved into the older ag 
1910. In recent years, however, the decline has have not been replaced in the young 
continued to the young adult ages and the sub- cause of the restrictions imposed o1 
sequent rise has been smaller. At present there movement. Third in importance duri: 
probably are slightly fewer men than women at (but second earlier) is the large re 
most ages from twenty-five to forty-five, and only death rates of children and young ad 
a small excess of men at ages fifty to sixty-five. increased the percentage of persons 
These changes may have reduced slightly the ratio — seventy or older from less than 20 for 
of prospective grooms to prospective brides at the 1780 to more than 33 for those born 
ages when most persons marry for the first time, will bring much larger gains in long 
but it is unlikely that they have had, or will have, babies of later years. 
a significant effect on the proportion of men and The foregoing changes have been 
women who marry at some time. by a substant al decrease in the rel 
Age composition. As the nation has become of children in the population. In 18. 
older the average age of its population has risen — under five made up over 18 percent oi 1 
also. In 1800 half the people were sixteen or — tion; by 1900 the proportion had decli: 
younger ; a century la'er tug ined.an age had risen 12 percent, and by 1935 to less tha: 
to almost twenty-three years; now it is almost (Fig. 9). The rise in the birth rat 
thirty. Future years are sure to see a further rise, — will make this group exceed 9 percent 
perhaps to thirty-four by 1975. lation in 1950, but subsequent years 
The aging of the population has come about certain to see a further decline, prob 
primarily because of the large decline of the birth below the 1935 ratio. 
rate, which has meant relatively fewer babies year School-aged youngsters and their old 
by year. With over 50 births per 1,000 persons and sisters (fifteen to nineteen), most | 
(as before 1830), nearly 20 percent of the popu- also attending school or have only 
lation were less than five years old, but with fewer to work, also have declined great 
than 20 births per 1,000 persons (as during the importance. In 1820 this group compo 
1930s) it is impossible for as much as 10 percent +0 percent of the population ; by 1900 1] 


1 
| 


of the population to be younger than five. Second ave had decreased to 32 and by 1945 
in importance during the past 30 years has been further reductions are in prospect, tl 


UNDER 5 20-29 30-44 45-64 


\ 


PER CENT 
Fig. 9. Proportion of the population in specified age groups, selected years, 1850-1940. 
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is low as 20 percent until after 1975 
tuations in the school-aged group dur- 
t few years will cause serious problems 
1947 


administrators. In September 


approximately 2,500,000 children of 


ve to enter the first grade. In Septem 
ere will be more than 3,700,000—an in 
1,200,000, or nearly 50 percent! (Fig. 
icreace in the potential grammar-schoo!l 
will also be striking. In September 
ere were about 18,000,000 youngsters aged 
ough thirteen, but in September 1953 there 
thout 23,000,000. This gain of 5,000,000 
27 percent) will have grade schools bulg 
at their doors unless there is an adequate 
lding program during the next 5 years. Find 

sufficient number of teachers for the first 

will be d.fficult in 1953 


her-training institutions turn out many more 


very unless the 
nthe usual number of qualified persons during 
next few years, or unless former teachers can 

e induced to return to classroom work. 

[he proportion of young adults (twenty to 

enty-nine) in the population has been compara 

stable, fluctuating between 16.8 and 18.8 
for more than a century. This has been the 
group, for all younger groups have had 
edium-to-large decreases in relative numbers, 
all older groups medium-to-large increases. 

‘or ages thirty to forty-four as a whole the in- 

se has been large, persons of these ages making 
nearly 22 percent of the population in 1945, 
pared with less than 15 percent before 1830. 
cause twenty to forty-four includes the best 
vorking ages in most occupations, the increasing 
neentration of the population in these ages has 
been one of the factors tending to raise the level of 
ving in the United States during past years. The 
roup will have no such influence in the future, 
owever, for it probably will change but little in 
elative size during the next few years and then 
lecrease slowly. 

Persons middle-aged or somewhat older (forty 
ve to sixty-four) are more than twice as numet 
bus compared with other persons as they were 
hundred years or more ago. In 1840 this group 
mcluded about 9 percent of the population; now 
t includes over 20 percent (Fig. 9). Further in- 
reases are to be expected in the 
0 between 23 and 26 percent by 


future, probably 
1975. Nearly 90 
percent of the men and 20 percent of the women 
1940 ; 
hey made up more than one fourth of the labor 


i these ages were gainfully employed in 


ree. By 1960 this proportion is expected to rise 
nearly one third. The success of employers in 
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Fig. 10. Number of children of the usual age to enter tl 


first grade, September, 1945-53 


industry and other fields in adapting tl 


eir activi 


ties so as to use to advantage many more older 


workers and fewer younger workers may have 


a significant effect on the change in our level ot 
living during coming decades. 
It is the elders 


that have had the largest relative gain in the popu 


persons sixty-five and ovet 


lation. In 1840 less than 3 percent of our people 
/ percent 
the 


percent 
I 


were sixty-five or older; now more than 


are in this group. During the next 25 years 
proportion probably will rise to about 1] 


more than half again as large as at present. This 


large increase will call for a corresponding expat 

the needed by 

older people 
\lthough the 


increase greatly in the future, the total 


sion in services and institutions 


number al dey ricle lit 


proportion 


. “11 
lation Vill Change 


of dependent persons in the popu 
little if any because of the decrease in the propor 
tion of the population younger than eighteen. In 
other words, no marked increase is to be exper ted 
In the ratio of consumers to producers. Instead, the 
tendency for a larger proportion of women to entet 
to lower the 


the labor market is hkely consumes 


producer ratio. 
OUTLOOK FUTURI 


FOR THI 


The continued slowing up of population growtl 
United States that is to be « 


highly desirable from the standpoint of the pres 


x pected 1S 


in the 
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sure of population on resources. Moreover, as less 


of our productive energy needs to be devoted to 
providing the things needed by additional people, 


it should be possible to devote more of it to pro 
ducing things for the people already here. The re- 
sulting change in emphasis should help to raise 
the standard of living. 

In the old days of hand-to-hand conflict a na- 
tion with a slowly growing population gradually 
became weaker compared with a nation with a 
rapidly growing population. At present, in con- 
trast, military might depends in large measure on 
capacity for economic production. This in turn 
depends in important degree on ability to have a 
high standard of living, for it is the difference be- 
tween total production and production needed for 
subsistence that influences the amount ot war 
matériel that can be made available. In conse 
quence, a gradual deceleration of population 
growth by tending to raise our level of living, 
should increase our power to conduct modern war- 
fare if it is necessary for us to do so. 

Whether the expected aging of the population 
proves to be a serious handicap remains to be 


seen. Young adults are supposed t 
gressive, ready to change and adopt 
middle-aged and older persons 

be more conservative, suspicious 
desirous of maintaining the status 
of these beliefs the relative yout! 
population is cited frequently as one 
why we have achieved the high sta: 
we enjoy. If our youthfulness has | 
tant influence in the past, the rising 
older people will be a disadvantag: 
unless steps are taken to retard 
Psychologists say that ability to 
its peak at about age twenty, and 
tremely slowly prior to age fifty. [1 
if mental aging occurs in important 
fore fifty, it is because of a decline in 
ability to learn rather than inthe 
During future years it should be possi! 
the attitudes of many people towar 
to learn, and to expand and broadet 
tional programs in sufficient degree t 
offset the adverse effect of the rising 
the population on its ability to prog 


THE SCIENTIFIC 








fONTHLY 








ON TIME AS A PRODUCT OF MOTION 


THOMSON KING 


Wr. Aimg isa graduate of Lehigh 





appeared 


im the February 1947 tssue of 


THE LONG AND THE SHORT OF IT 


["/ Fi f # 
fle TOOTH O CTldle 


Gnaws al 


y 
wmalverial ALLL S 


In vain the mountain's granite mass resists 
; , 
Motions of wind and nand heat and 
Ever at work t i ee as i eR aa 
LUCY at Work fear aowwn the lotllest rang 
J r,s 
In COUASCLESS OU! Tilé re A) aes 
— ri P : ? ? 
Swe P future through ri ~) SENT r Pas 
. } ? 4 i } 
Motion VE Gets CVENTS WI /l rij (S Tliile 
On this we build to show wha ne mus 
1] io ; 
The thing that mares our wmverse alive 
rs that THICHL Gives il }] .) were dead 


On motion look, for there you will behold 


T v1 yo }] ] . ] 
Not one, but all the qua 


F YOU ask an inteiligent person for a defim 
tion of the word “time” he will usually hesitate 

a moment while he decides that both you and 

ur question are quite simple and then tell you it 
duration. If you consult a dictionary to be suré 
you understand the meaning of duration, you wil 
find that it is “continuance of time.’ You are right 
back where you started. If you read a few of the 
nany books that 
vou will learn a great deal about the history and 
philosophy of the subject, from Aristotle to Ein 
stein. You will find other definitions and many in 


1 
I 


have been written about time, 


teresting facts and fancies, but you will probably 
end with the feeling, or at least the suspicion, that 


j 
+ 


the epitome of all you have learned, the final 


imswer to your questions, is “Time is time.” 

[ wish to propose and briefly discuss a definition 
that (whatever it may be) is not circular, for it 
defines time in terms of something more funda 
mental than itself. This definition, which is a'so : 
hypothesis, is: Time is a product (or derivat.ve 
f motion. A theory is established when its con 
sequences are sustained by observed facts. I hope 
to he able to show that many of the accepted qual 
ities and aspects of time follow as natural conse 
quences of the definition. Something must first be 
said about time in general to clarify and illustrate 
the definition and our approach to the subject. We 
shall then present and examine the evidence we 
can adduce to sustain the definition. If this seems 
satisfactory, we shall consider very briefly some of 
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e consequences Of the acc ptance 
, 


esis contained in the definition 

There is an age-old argument as to wh 
study and discussion of time belong to science o1 
The 


built upon order in nature and intelligence in man 


metaphysics. whole structure of science 1s 


Its province surely includes the investigation of 
all entities and phenomena to which accurate ob 
servation and measurement can be applied, parti 
ularly those that are most commonly met with in 
the study and deseription of the universe and its 
laws. Such a conception of science indicates time 
this 


brief article | shall endeavor to use a scientific ap 


as a proper subject for scientific study. In 
proach and method, avoiding as far as possible thi 
metaphysical subtleties and philosophic terminol 
ogy that are so often associated with inquiries as 
to the nature of time. In order to conform to thi 
method proposed, discussion must be restricted t 
the entities and phenomena existing in the uni 


verse, and strictly exclude anything capable oi 
existing outside it. Theretore, all that will be said 
applies to time within the universe and not to time 
as it might concern, or appear to, a creator of the 
universe, who must have existed before and out 
side the universe he created. 

The debate about time and the literature on thi 
subject began with the Greeks and no doubt will 
and write 


\fter all, time is the one thing that every creature 


continue as long as men think, talk, 


uses all its life, and the only 


thing of which we a 


have each day exactly the same amount, no matter 
who or where we are. I believe the majority of 
those who have written about time have thought 
of it as a primary or elemental thing, so my defi 
nit.on puts me in the minority. The philosophy and 
the literature of time are full of references and com 
mentary on its subjective, objective, and perceptive 
aspects, of its quality of becoming, and a great 
deal more that is beyond the scope and unneces 
sary to the development of my simple hypothesis. 
There seems, however, to be a general agreement 
that essential features, qualities, or aspects of time 
are a flow of events; an order or sequence of oc 
currences in which we can always perceive a rela 
tion of before and after; and a division into three 
parts, past, present, and future. 

To say that time is a product of motion in no 
way denies it the quality of reality, but does em- 
phatically deny that it is a primary, an independent, 
reality. If it is a product or derivative of motion, 
it must be a dependent or secondary reality ; motion 
is the fundamental, the creative, reality. Consider 
a room in which the only source of light is an 
electric bulb. If the electric current flowing through 
the bulb increases, the light increases; if the cur- 
rent decreases, there is less light; if the current 
falls to zero, the light disappears. The light is just 
as real as the current, they are both forms of 
energy, but the light is due to, and a derivative of, 
the current. We musi certainly consider the cur- 
rent primary and the light secondary. If time were 
a fundamental, an absolute, we could not define 
it as a product of something else. We might say a 
good deal about its qualities and attributes, as we 
do of matter and energy, but we could not explain 
it in terms of something more fundamental than 
itself. We can say matter is that which possesses 
mass, but we can only say mass is an attribute of 
matter. The definition of true fundamentals is al 
ways circular. 

Neither does my definition imply that we should 
stop talking about time and substitute for that good 
word some reference to its derivation from motion. 
The definition will, I hope, lead to a better concep- 
tion and understanding of the nature of time. It 
does imply that the time of any interval, a minute 
or a century, is the result of the summation, the in- 
tegral of the motions that took place during the 
period. It is much simpler and more convenient, 
however, to use one word rather than many. It is 
better to say “Here is a dollar” than “Here is a 
piece of paper which the government of the United 
States has declared legal tender with the value of 
one dollar.” The longer expression is useful to ex 
plain the real nature of the thing spoken of, but 
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when this is once grasped it is natura 
the explanation of the derivation of 
single word. 

Scientists continually use the con 
and measure time intervals with gre 
just as they measure mass of matter, 
of space, and quantity and intensity 
Scientists can describe the phenome 
Dunne calls “elementary undefinables, 
do not attempt to explain the existence 
they accept as a fundamental reality. If 
a product or derivative of something « 
be defined and treated as such, and its 
can be explained in terms of something 
damental than itself. To show that tine 
uct or derivative of motion, it will bé 
to prove that motion can create time. 
will appear self-evident that time of its: 
create motion. 

Some philosophers have taught that ti 
an abstract mental concept, having no 
basis of reality, that exists only becaus 


consciousness of its passage. This view, 


the concept and definition of time dependent wy 


human perception, seems to me narrow, unt 
and useless. It has always led to unsur 


contradictions or a resort to mystical interpret 


tions. If time has no physical existence, w 
mean when we say that the dimensions oi 
of action, which is an invariant, a constant 
physical world, are energy multiplied by 
is true that we are conscious of the passagé 
because we are conscious of events. The pet 
of events is necessary to intelligent beings, | 
telligent beings are not necessary to events 
and, consequently, time existed long befor 
was life on this planet and would continu 
if all life were destroyed. Mountains ris¢ 


worn down, rivers flow, cycles and seasons, 1! 


and day, exist and recur whether or not 
here to observe them. All these changes a1 
duced by motion. I think that a strict anal 


our perception of time will always prove | 


derived from a perception of motion. The ulti 


argument for this is, of course, that if the 
no motion, there could be no change, no eve 
flow of time, nor perception to take not 
or their absence. 

The full meaning of my definition may 
easily realized by considering what would 
to time if all motion in the universe were 
to zero. As the rapidity of movements wet 
where reduced, events would occur mort 
compared with their present rate, but not 
pared with each other; for I am assuming 
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vould be reduced at the same rate 
wuld be longer than our year, but 
ld tick the same number of times, and ou 
wuld make the same number of beats as 
| years. Light would travel the same dis 


lar - 
be 1Onge}4 


a second, for seconds would 
Vhe motion was reduced to zero, time would 
appear. When the galaxies and the molecules 
move, when electrons no longer spun 


en radiation, losing both frequency and velocity, 
ased to be energy, nothing could happen, there 
uld be no change, no events. There could be no 
y of time; everything would be frozen in at 


\\ 


eternal present. If time were a true fundamental, 


( 


could not, even in imagination, make it disap 
r or cease to be, by reducing something else to 


To support the hypothesis that motion 1s mor 
ndamental than time, it will be necessary to meet 
argument that motion is a secondary reality 


cause thers is always something that moves, and 


tie 


therefore, movement may be regarded as an at 
tribute of matter, like color or density, rather than 
a fundamental something in itself. Since it will also 
he claimed by some that motion must take place in 
me, this must also be disposed of. The idea of 
‘primacy of motion has been developing for a 
long time. Democritus held that all change could 
ultimately be resolved into movement. The greatest 
ihe Greek philosophers debated these matters, 
vith the general conclusion that the two great 
fundamentals of the universe were stuff (matter) 
and motion. Today the evidence for motion is far 
ore conclusive. If we know anything of the na 
ture of the universe, it is that it is dynamic. So far 
as we know, all matter in the universe, from eiec 
trons to galaxies, is in motion. We appeal to mo 
n to establish the reality of space, for motion 
onsists of something having gone from where it 
was to where it was not, which would hardly be 
possible unless what we call space existed—or per- 
haps motion creates space. 
When we consider energy, we find that it is al- 
Ways associated with motion. Perhaps we can say 
nergy is motion, The measure of the kinetic en 
ergy of matter is the square of its velocity. The 
‘nergy equivalent of a given quantity of matter is 
the product of its mass by the square of the veioc- 
ity of light. The measure of every photon of radiant 
energy is its frequency, which gives the rate of 
petitive cycles involving some form of motion. 
ithe development of relativity theory has shown 
hat many things are relative to motion, whereas 
Motion seems to be relative only to other motions. 
Even mass varies with motion, indeed the whole 
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] 


contains nothing 


change, no energ 
no temperature, no lite 
deseribe it as an aggregation ot matter, al 
tory 

u 
could onl 

o has kn 
person must 
referred t 
verse, 

[ have asserted tl 
universe I have asked ) 
ho believe that time exists as a 
quence of events, and must have a present 
and future will agree, but there may be 


will say, “You admit that such a universe has 


itv W 


ence, therefore it must have time to exist 


reply that time may be duration, bi 
mere existence. Duration always requires 
but to have 


ception of before and after, 
and after we must have change. Durati 
have a period of time, and the permanence 
thing that endures contras‘ed with the flow of 1 
or the change of something else. In our mot‘o1 
universe there can be no periods or inter 

no change. If we reduce the me 

mere changeless existence 


quality by which we can appr 


I 
] 


its reality. Like the Cheshire cat in. 
derland, it shrinks till there is nothing 
grin, and finally that disappears. Defini 
existence makes the whole concept ot 
ingless and perfectly useless. 

In this motionless universe that contains onl) 
matter the concept of space, as we understand it, 


1 


would be invalid and without meaning. There is 


no room here for the development of this idea, but 
the argument would be along the same lines as that 
for the nonexistence of time. It also seems evident 
that there could be no organization of matter int 
atoms, and consequently no differentiation of mat 
ter into elements. We would have the rest-mass of 
the ultimate particles without form or organization. 
Let us do one more thing to our imaginary uni 
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verse. We introduce the various forms of motion able result of the definition of time 
that exist in our real universe. There will probably | or derivative of motion. I do not knoy 
be some form of explosion such as Le Maitre sup- definition of time of which this may 
posed to have occurred in the giant concentrated All who write about time must | 
atom containing all matter which exploded to aspect as an order or sequence pos 
parts, and with its attribute of “be 


} 


create an expanding universe. As soon as motion is 
future ts always becoming, or flowi 


introduced we have the kind of universe in which 
we live. It is endowed with energy, time, space, present, the present into the past. In { 
action (including Planck’s constant), temperature, present must be thought of as a line or 
atoms, a diversity of elements, and the possibility — no thickness. It is simply the boundary 
of life. I think we can safely say the introduction of | future and the past. The philosophe: 
motion created both the space and time that are forced to invent the ‘specious present,’ 
aspects of the universe as we know it. Perhaps ihis define (not too successfully ) as the sl 
will account for the necessity of the space-time con- which the mind can entertain a singk 
cept in the mathematical structure of relativity realize duration by experiencing th 
theory. hefore and after; or, according to We 
Minkowski said, “From henceforth space by it- time span of immediate consciousness ; t 
self and time by itself are doomed to fade away — in which what is earlier may be dist 
into mere shadows, and only a kind of a union of what is later, though both are directh 
the two will preserve an independent reality.” I consciousness.” This was necessary) 
am a little doubtful that the union of two shadows thoughts an1 actions a period wit! 
which they may occur. If time were a fi 


by a hyphen, or even a mathematical formula, can 
create an independent reality. If, however, both 
space and time are created by, and dependent upon, saying in what part of it our thoughts 


thing in itself, we should have great 


motion, we can understand why Minkowski calls occur. They certainly do not occur in 


them shadows, and also it 1s natural that they Since the “specious present” is obvioush 


should be associated to form the four-dimensional  ient fiction, and the true present has n 


continuum of relativity. If we can imagine each there is no room for them in the present 


electron, or other elementary particle, as creating 

its own space and time we can immediately under- paradox later. 

stand the reason for Pauli’s exclusion principle. At this point it is interesting to not 
events are in the past before we are awar 


cannot occur in the past. We shall retur 


I believe the foregoing illustration will be easily Suppose the lead of your pencil breaks w! 
followed and that the birth of time will appear as a are writing, you may observe the event 


or feeling it happen. It requires time fo1 


natural and inevitable consequence of the introduc- 
to reach your eye, although the distance 


tion of motion into a static universe. There are 
many other considerations that support the primacy 
of motion and indicate time as a derivative or prod- mission of the message along the nerves ft 
uct. Long ago Aristotle realized the intimate con- to brain. What was the future, in no 

becomes the past. An event can take p! 
year, a day, or a second, but the only wa 


+ 


only a few inches, and it takes time for 1 


nection between time and motion when he said: 
“Time is measured by movement, and movement 
by time.” This does not imply equality in primacy. imagine it taking place in the present is 
The amount of metal deposited in an electroplating posing it to move with the present. All « 
operation is a measure of the electric current, and — produced and brought to us by motion. Ti 
product, not the cause, of events. 

The scientific approach to any subject aly 
volves measurement; measurement requires wn" 
In trying to define time, it will be helpful t 


the amount of the electric current is a measure of 
the metal deposited, but there is no question as to 
which is the primary cause of the operation. Ein- 
stein has shown that there is no such thing as abso- 
lute time. I think it is generally accepted that time sider its measurement and units. Measurement 

is relative to motion. If time be defined as a de- always accomplished by comparing the thing | 

rivative of motion, the fact that the rate at which measured with some standard or unit of its ow! 
clocks run (as ascertained by light signals) will be kind; length with a standard length, weig t 

different for observers in different frames of refer- unit weight. Our units of time always reler ' 
ence is easily understood. These observed and ac- motion, and, since motion takes place in (or eve 
cepted facts of relativity are a natural and inevit- possibly creates) space, there is usually, but 1” 
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ly, a spatial dimension. The vear involves 
ind distance; the latter does not enter into 
. half-life of a radioactive element, which could 
for the measurement of time. If time is 
ruly a product of motion, it 1s quite natural that 
rs measurements and units must be referred ti 


intervals, like lengths, are most conven 


ntly measured by comparison with a standard, 
ut the measurement cannot be accomplished by 
‘rect application of the standard, as in the meas 
rement of length. A standard of length or weight 
be preserved and used many times, but time in 

vals. and the motions that define them, are tran 

jent things—as soon as completed they are gone 
evond recall, All that can be done is to select some 
natural phenomenon or to contrive some machine, 
such as a pendulum, that will continue to repeat a 
vele of movement with the least possible varia 

tion. The regular repetition of the cycle measures 
time and gives us our standard. 

The measurement of time always involves 
motion, but it is possible to measure time without 
recourse to a repetitive cycle. We could measure a 
second in many ways: for instance, the time it took 
, weight to fall a certain distance at the surface of 
the earth; we could measure an hour by a sun 
dial or the ancient water clock—but we would 
always come back to motion. Even the decay of 
radioactive elements is brought about by the 
motion of particles or photons from within the 
itoms to the outside. I think Bolton in his Tim 
Measurement has given us the final essence of the 
matter of units and measurement of time if we om 1 
the word “repeated” and quote “All measurement 
of time depends upon uniformity or invariance 
f (repeated) motion.” 

Almost all who write about time sooner or later 
tell us what Kant and Bergson thought about 11 
This is indeed indispensable in any general and 
complete consideration of the subject, but the scope 
of this article forbids any such excursion no matter 
liow attractive. What Newton thought and wrote is 
interesting and worth quoting. He realized and 
acknowledged the dependence of what he consi‘ 
ered “common time” on motion, but he believed 
there was another kind of time that was absolute 
and independent of all else. For nearly two cen 
turies the prestige of his name helped to sustain 
belief in the existence of time that was absolute 
and independent. Today the general acceptance of 
the theory of relativity has displaced his idea of an 
absolute time : 


_ Absolute, true, and mathematical time of itself, and 
irom its own nature flows equably without regard to any- 
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, 
thing external, and 


by another name is called duration 
*, apparent and common time, 1s some sensible and 
external, whether accurate or unequable measure 
tion by the means of motion and this, which is commonl 
ot true time such as an hour, a day, a montl 


I 


used instead 


solute, true, and math 
measured, or distinguished from “relative, apparent 
and common time,” nor has anvone else. It 1s vet 
possible that he was influence 
convictions in his belief in the necessity for an ab 
s lute tine Wi 


night be a point or region in the universe at abso 


1 1 1 ' 
also know that he ought thet 


ute rest. If this were the case it would atford 


reference from which absolute motio 


pomt ot 


could be reckoned and, consequently, an absolut 


time. Today we see no hope of finding such 


1 


point; therefore, most things are relative 


from the weight of the evidence | think we m 


Motion 


an incidental attribute of matter, rather 1t is motior 


reach the following conclusions: cannot b 


that possesses matter. Motion gives the univers 


Its most important characteristic as a dyna 


svstem in which 


change 1s continuous, a sense o 
before and alter 1S possible, and there 1s a con 


] 
} 


tinuous flow of the 


future through the present t 


become the past. All events are due to change, 


1 


change 1s always the result of motion, time is 


sequence of events, motion 1s the begetter of 


change, events, and time. Time is an aspect of the 
universe that 1s due to motion. A dynamic unt 
verse must have time: a static universe cannot have 


time. 


[ have already anticipated one of the most im 
portant consequences of my hypothesis by stating 


simultaneity of 


that the relativity of time (and the 
events) to the motion of the observer, which wa 
demonstrated by Einstein, follows as a natural and 
direct consequence from the definition of time 
a derivative of motion. The time of each observer 
is only another name for the flow of events pro 
duced by the motions of and in his frame of refet 
ence. Therefore the observations concerning time 
by an observer in another frame of reference with 
a different motion will not be the same. 

[ also belicve that tne acceptance of the definition 
may be useful in clarifying the relation of the past 
and future to the present and the question of their 
reality. Equally it may help in understanding and 
disposing of a paradox that has been a most fruit 
ful source of perplexity and the cause of various 
and lengthy dissertations and explanations. I have 
no intention or desire to discuss either the meaning 
of reality or the paradox itself from the philosopl 
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ical point of view, nor even to unply that I, o1 
anyone else, can give an entirely satisfactory defi- 
nition of reality. I believe the subject still stands 
about where Plato left it. But practically every in 
telligent person has his own idea of the meaning 
of reality, and I shall be content if he will apply it 
to what I have to say. 

So long as time is considered as a primary and 
independent something-in-its-self, apparently com- 
ing from nowhere and vanishing into nothingness, 
there must be a strong question as to the reality of 
the future and the past. It is self-evident that our 
actions and events cannot take place in the future 
or in the past. This leaves us only the present, but 
the present is merely a boundary between the 
future and the past; it has no thickness, no dura 
tion in which events can occur. Here is our para 
dox: Events cannot take place in the true present, 
and they cannot take place outside it. Yet they cer- 
tainly take place. No doubt this delighted Zeno, 
and it has continued to delight his philosophical 
heirs and assigns. 

Let us approach this protlem sticking closely to 
our definition of time as a product of motion and 
remembering to substitute motion for time in our 
thinking of the relation of past, present, and future. 
I think we shall find the whole problem has been 
simplified somewhat according to the following 
argument. I take it that the vast majority of per- 
sons (who think at all of such things) consider 
matter and energy as real and primary entities or, 
since they are at least to some extent interchange- 
able, two aspects of one entity. The conservation 
laws tell us that matter and_energy are enduring 
realities. They change their form, but they are not 
destroyed. Something cannot become nothing, nor 
can nothing become something. If matter and 
energy are real, the motions of matter and energy 
are real. Motion is inextricably associated with 
energy. 

All the events that we can observe, with the 
possible exception of certain mental and physical 
phenomena, are due to the motion of matter and 
energy. We know of time only by a succession of 
events, by our sense of before and after. The flow 
of time is the result of the succession of innumer- 
able events produced by the innumerable motions 
taking place in the universe. The transition of the 
motions-that-are-to-be, to the motions-that-are, to 
become the motions-that-were, gives us our flow of 
the future through the present into the past. We are 
equally conscious of motions-to-be and motions- 
that-were. We recognize the reality and validity of 
motions-to-be every day of our lives, particularly 
when we are driving a car. The present is created, 
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brought to us, and carried forwa 

is indeed a boundary line between tl 
the past, but it is a moving line, 
swept forward by the same agency 
events and time, and moving at thi 
From and because of motion the pre 
events take place, and time is appr 
conscious beings. Since all are genet 
same motions, all develop at the sanx 
within the line (or plane) of the present 
analogy may help to illustrate my mix 
sider water rising or sinking in a vess 
think of the surface as a boundary 
thickness between air and water. Yet 
of emergence or submergence of the 
vessel all take place in the moving pl. 
water rises, in this parable, the unsubn 
is the future, the surface of the water is t 
the submerged area is the past. 

[ think we must conclude the past 
reality because it consists of events 
motions that were real. The water that 
the dam yesterday was real, its motions \ 
Neither 


them in the past tense. The effect of pa 


has become unreal because \ 


at least to some extent, determines and c1 


motions and events of the present and fu 
motions that led to the formation of the « 
the motions of the winds and water of 
will certainly continue to produce events t 
tomorrow. By similar reasoning the futur 
assigned a potential reality. At least son 
motions that will produce the events of tl 
have been assured by the motions of the p 
potential reality is created and imposed 
nature of the universe and the constancy ot 
It is illustrated whenever we say, “The sun 
tomorrow ;” or whenever an astronomet 
an eclipse in 1960, and the event happens 
dicted. This is by no means an argument { 
plete causality. The principle of indete: 
seems to impose definite limitations as to t! 
that can be predicted, and we know too littl 
the nature of life and its potentialities to 
about the prediction of events in which it j 
active part. Nevertheless, unless the futur 
least a potential existence, I do not see | 
events could be predicted with the certaint 
we constantly observe. In so far as we cat 
future motions, we can predict future event 
There has been much debate as to whet! 
is reversible. The general conclusion seem 
been that it is not. The second law of th 
namics, which is a statistical-probability | 
dicts the inevitable increase of entropy in 
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si any isolated system where work is being necessary to stop the rotation of the earth, its 
the passage of time. This indicates the motion in its orbit, and all the motions of the s 
of the flow of time and forbids its re system and of our galaxv. To restore the forme 
“ The behavior of energy is always to run © state these motions must all be reversed vel 
o lower frequency numbers whenever it this will not suffice, for, unless all the motions 
es rk. Like Humpty Dumpty when he fell the stars within our galaxy and of the othet 
wall, the universe can never return to a axies are stopped and reversed, the position of out 
state; or, if you prefer, the probability neutron with regard to them and their attract 
¢ such a return ts practically infinite. for its mass continue to change, events are 
By definition, time is the name we use to denote ring, and the probability of a 1 
tegrated result of the practically infinite num- _— state is practically ze1 
jotions taking place in the universe. Most of Phe conclusions to be drawn from the foreg 
e motions, so far as we have knowledge of argument seem to me quite definite e irrevel 
ire random. The probability that all the — bility « me for the universe, or ¢ 
of even a very small period will be re particle of matter, can be established quite 


rsed 1n the next like period, to restore a tormer without appt il to th second law t then 
tate. 1S practically zero; it may be that the nature namics and t ncrease of entropy. Furthermore 
energy makes it not only vastly improbable, but — to stop or reverse time for one particle of matter 11 


soluteiy impossible. \\ hether t] IS be SO or not, woul | be necessary to stop o1 reversc all thie 


probability against the reversal of all motions motion in the universe. The time the univers 
large enough to effectively settle the matter. The 1s the result o | its mot s, of its ture 


rreversibility of time is a direct consequence of its dynamic system. If we allow one particle of mattet 


efinition. In fact, it is hard to see how time can to have motion, we have change of position rela 


reversed for even a very small isolated system tive to that particle and a change of gravitational 
ake a smail clock pendulum: at the end of each attraction (or, if you prefer, a change of curvature 
uble swing it returns to the same position with of space) for every other particle; we have change, 


regard to the objects immediately around it and, events, and time. There 1s an element of unity 

far as outward, superficial appearances go, to its this view of time, motion, and the contents of th 
rmer state at the beginning of the cycle. But dur universe—it seems to be a case of one for a 
g the cycle there have been billions of motions — al 
nd changes in relation among the billions of mole One of the interesting consequences of our defi 
les, atoms, protons, neutrons, and electrons of — nition is that we find in it an answer to the qu 
vhich it is composed. The probability that all these — tion, To what extent can life change future time 


have been reversed to restore its original state is The answer is a definite yes, in so far as it can 
ec ractically zero. As a single mass, it repeats a change motions-to-be, life can change events-to-be, 
mA Fcycle; but as an aggregation of particles its be which is changing time. Motion is the outstanding 
: vior is quite different. For it, as for the rest of | characteristic of the universe. Purposeful directed 
the universe, time can never return, a past statecan motion 1s characteristic of life. “We are observers 
| never be regained. who possess the power to interfere with what we 
Let us see how we would go about stopping and = are observing.” Consider a river and its valley 
* reversing time for one particle of matter. We will The continued flow of the river and many events 
nsider we have accomplished the first when no — in the valley, with regard to both living and non 

po vents affecting the particle have occurred for one — living things, may be foretold with considerable ac 
ond. Reversibility will be established when we curacy provided there is n» interference by man 
return the particle, at the end of one second, or Many events have taken place in this river and 

: Bsome other interval, to exactly the same state and — valley in the past; our experience as observers in 

: Fconditions that existed with regard to it at the be dicates what may be expected in the future if we 
ginning. Fir cur experiment we select a neutron. do not interfere with the natural processes. Then 

| telding it 1 cosmic and other radiations. The men build a dam, a lake is formed, certain are: 
effects of molecular motion may be eliminated by are flooded, submerged areas become dry, others 
lacing the particle and its surroundings to ab are irrigated. Motion, life, and events in the rivet 

; aps it is spinning; each revolution and valley are quite different because of the de 


. 1 vill be best to stop the spin. Have cision and actions of certain men. Events and their 
‘ventful second for our neutron? order and sequence, of which time consists, wer 


1 position is an event. It will be changed in the illustration, and are being changed 





every day in larger and smaller ways by the action 
of life. Time is certainly changed, unless someone 
can prove that it was time that compelled the men 
to build the dam. To do this one must endow time 
with qualities I am sure it does not possess. 

Our definition also answers the question, When 
did time begin? The answer is, of course, When 
motion began. And we may add, It will end when 
motion ceases. These answers may not be entirely 
satisfactory for those who desire an actual date, but 
they are the best we shall have for a long time. If 
a way of determining the age of atoms analogous 
to the method now in use for determining the age 
of uranium-bearing rocks from their lead isotope 


content is ever found, perhaps we may have an in 


dication of the age of the universe in its present 
form. 

[ think we can push our analysis of the evidence 
still further to disprove the argument that time is 
elemental and that motion takes place in time. If 
time were a fundamental, rather than a secondary 
characteristic of the universe, and not dependent 
upon motion, it would exist in a motionless uni- 
verse and would not lose or change its nature with 
the introduction of motion. This absolute time that 
could exist without motion could have no flow, it 
could contain no change, no events, no past, and no 
future. The only quality we can ascribe to it is 
changeless existence. Motion could never take place 
in this kind of time, nor can we ascribe to it any 
genuine reality. It is simply a name, signifying 
nothing. A universe of which such time were a 
fundamental characteristic could never be anything 
but dead mass, it could contain no energy, nothing 
could ever happen in it. It is certainly not our uni- 
verse. 

In contrast to the difficulties and contradictions 
that infect and plague the systems that consider 
time as a primary reality, a something in_ it- 
self, its definition as a product of motion gives 
it a reality that is consistent with the universe 
as we know it, and explains the qualities and char- 


acteristics that we constantly observe 


quality of becoming, its past, present, 
all that we have referred to earlier, and 
demand motion as the creator of ti 

that further exploration of the consequ 
definition may yield many interesting 
advances in our understanding of tit 
physical world. The idea has never beet 
its ultimate logical conclusions. 

A few parallel or paired statements 
to summarize the evidence and conclusi 
lustrate the idea that all that can be sai 
perception and experience of time can 
with equal propriety and validity if we 
definition as a product of motion. Ti 
tinuous, not atomic: so is motion. 1] 
reversible; the motions that produce e\ 
for one particle of matter, are irrevers 
is known by events; motion produces 
tin we have past, present, and future ; 


+ 


we have motions-that-were, motions-that 
motions-to-be. Entropy increases with thi 
of time; entropy increases with the pr 
motion. The dynamic character of the 
makes time possible; the dynamic chara 
universe is due to motion, 7s motion. Tl 
time gnaws all material things, changing 
form; the change of form of all material 
due to motion. Time is different for obser 
different frames of reference ; the definitior 
ference for frames of reference is a 1 
motions. The state in which we find the 
(less than maximum entropy, less than 
equipartition of energy, and other matters 


cates that the time that has elapsed since its pr 


state began is finite ; the same assertion cat 
with regard to motion. 

These are but a few of many assert 
could be found to support my arguments 
searched faithfully to find a single state 
is incompatible with the simple hypothesis 
proposed. So far my search has been unsu 


THE SCIENTIFIC M' 





THREE METHODS OF VOTING 


~~ D 


WILLIAM S. TAYLOR 


Professor 1 


1926 has been 


and varltous mor 


\NY groups have learne 
reach decisions better, 
ug 


better decisions, thr 
sh fighting. Such groups in 


‘S 


ts, social organizations, vocationa 
rds, and committees. 


of the same groups do not realize 
that scarcely less important than voting 
method of voting. Often, given a variet 
lidates, a wrong method of voting elect 
he majority 


S 


candidate or candidates whom t 


want. Sometimes a wrong method elects ca 
tes whom not even an important munorit 

] che can 
ites of an organized or lucky minority. W1 


eral candidates are to be elected to a represen 
elect candi 


nt. Often a wrong method elects only 
1@] 


es body, a wrong method fails t 
to represent the majority, if there is one, an 
minority or minorities 1n proportion thei 


iP CSG en 


bers. Such unsatisfactory elections discourag 
| candidates from running for office, and dis 
rage voters from voting conscientiously. Sucl 


ctions also encourage schemers to take advan 


eof the poor method, to use it for selfish ends 


us true progress is hampered or thwarted, and 
] 
i 


the principle of voting is impugnes 
would seem that every electorate, whethet 
rge or small, should know 
yply whatever method of voting is best for any 
ven election. In what follows, we shall conside1 
ree general methods, which we shall call Ordi 
ty Vote, Majority Preference, and Proportional 
presentation, respectively. (Here Proportional 


“ ] 
how to Choose 


epresentation means not the European methods 
block or party listing but individual use of a 


ingle transferable ballot.) We shall find that these 


ree methods often yield significantly different 
sults; that each method is best for particular, 
eryday circumstances; and that each method is 
tkable, not only for large elections but also, i1 
lorm at least. for elections by small associa 
ns, departments, and committees. 

: 

in Ordinary Vote, as everyone knows, t 


names or by 


he votet 
irks his choices either by writing 
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ceived the smallest sum of preferences. (If he the four c’s and the three r’s unrepres 


were the first choice of every voter, his sum would _ in so far as the c’s and r’s agree aite: 
be 7.) He is the candidate whom the electorate as_— ences are canceled out. If this electo: 
a whole wants most. of six c’s and five r’s, with no m’s, a 
In the second pair of examples, Ordinary Vote dates included at least two C’s, M. P 
elects the two R’s. These candidates represent only only C’s. Thus Majority Preference 
three of the eleven voters. Also, as appears when name implies, only the majority pref 
the same eleven voters vote for the same lot of _ preference of the minorities crudely) 
candidates by Majority Preference, the two R’s a majority; M. P. treats the elector 
are the candidates six of the other eight voters and fails to reflect the actual voters’ 
want least. M. P. elects the first and fourth M’s, Proportional Representation, in 
the two candidates the electorate as a whole wants the second C and the first M. Cor 
most. four c’s, who are 36 percent of the ek 
Nevertheless, these two candidates do not best themselves represented by 50 percent « 
represent the whole electorate, when we consider candidates; and the four m’s, who ar 
that every electorate reduces to individual voters, percent of the electorate, by the othe: 
and that, in most elections, the voters arrange of the elected candidates. Only the thi 
themselves into subgroups the voters who vote are nearly 30 percent of the elect 
one way amount to one subgroup; those who vote directly represented. They are not 
another way amount to another subgroup; and because only two candidates were 
so on. In the case before us, M. P. gives the four and those two cannot be divided to 
m’s, who constitute 36 percent of the electorate, subgroups. If three candidates were 
100 percent of the elected candidates; and it leaves by the same four c’s, four m’s, an 


TABLE I 


To Erect ONE CANDIDATI 


To Erect Two CANDIDATES 


od 
n= 


— 
CO NSIS BD DQ W WG DO 
wh We Wh iwnu 


M. P.: 
P. R.: 


X’s represent voters’ crosses. The other single letters are initials for “conservative,” “moderate,” a 
respectively. Of these, small letters stand for voters, and capital letters for candidates. Thus, in the exa: 
head rows, and candidates head columns. Each voter’s row shows his choices for the respective candidates 

O.V. means Ordinary Vote; M.P., Majority Preference; and P. R., Proportional Representation 
examples represents the same voters’ choices for the same candidates, but with election by the different 
cated. The first pair of examples compares Ordinary Vote and Majority Preference in electing one candi 
ond pair compares O. V., M. P., and P. R. in electing two candidates. At the bottoms of the examples 
mark the scores of the candidates so elected. 

Each small letter could as well represent any fixed number of voters, to make the examples typi 
large elections. 
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it up a candidate, he would 
-as may be when onl 


elected, and the teller 


\ 


numerals on the 

s between choices, 

ers’ preferences. 

umples which we have used 
They are not more extreme, | 
real elections ;' and they bring out 
erences between the several met! 


wherein those differences are 


method of voting is best; 01 
ls are best, and for what purposes? 
lv. Ordinary Vote is the best way to cho 

nly two candidates. When, however, there 
more than two candidates, “the old single sho 
t,” as Hoag and Hallett called it,’ often | 
show what the voters want. For that reas 
mathematicians Condorcet, Gergonne, Andrae, 
+h, 


nson, and Hallett, the schoolmaster H1] 


ihe 
rrister Hare, and others individually contributed 
ethods which do show what the voters want 

there are more than two candidates 
fajority Preference ts the way to choose onl 
f more than two candidates. This is because 
rity Preference compares every candidate 
every other candidate, all in a single election.. 
his way it reveals the whole electorate’s first 
ice of all the candidates. The chosen candidat 
be a conservative, a moderate, or a radical 

suming, for illustration, that these are the pos 

le types ), according to whether the electorate 

reponderately or in effect conservative, moder 

te, or radical. Thus, in each pair of examples 

ch has been given, M. P. elects moderate can 

lates because those candidates are most pre 
erred by the electorate as a whole. The first 

torate is made up of three conservative and 

moderate voters, hence is preponderatel) 

derate. The second electorate comprises four 

nservatives, four moderates, and three radicals 

nce the radicals nearly counterbalance the con 

rvatives, this electorate taken as a whole prefers 

lerate candidates to any other one type. 

Majority Preference is also the way to choose 

re than one of more than two candidates fo 

eniality ; congeniality of the elected candidates 

ther with the electorate as a whole or with each 
ther. For example, a socially homogeneous club 

use Majority Preference to elect new mem- ' a 

ts whom the club as a whole finds congenial tv-five aldermet 
\ny electorate may use M. P. to elect a mutuall) ‘lected, somehow 
ngenial group as a purely executive body, one ive 1 contrast, 
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tion, according to Hallett and Woodward, “the — legislature, and would have include 
votes for candidates of all groups have always conservatives a number who favore: 
been faithfully reflected by P. R.”* Naturally, any — so that, given faithful representative 
self-seeking group of politicians opposes P. R., un would have been authorized in thi 

less the group is underrepresented under other a vote of about three to one 


methods. Proportional Representation prot 


P. R. neither creates a multitude of parties nor jority, when there is one, and 


I 
destroys the two-party system. In Italy, ten minor from tyranny by any group withi: 


ity parties tried to win the general election in 1913, and it makes for enlightened major 
which was six years before Italy adopted anything P. R. recognizes that elections occu 
like P. R. Conversely, in Great Britain, Australia, there are groups, actual or possible, 1 
New Zealand, South Africa, and Canada, ‘‘the have ideas which the whole electorate. 
single-member district majority system of ele sentatives, should consider, Throug 


tion” failed to save the two-party system. majority recognizes the minorities 
P. R. does not split up the electorate into fac electorate ; the majority gains from t 
tions of any kind. When whatever groups that occur important truths, or reveals the minor 
within an electorate are allowed fair representation and so strengthens the position of the 
through this system, they are likely to become less torate; and the majority avoids 
prejudiced and more cooperative. Some students minorities and driving them underg1 
of voting believe that if the several groups within over, through P. R., whenever a mit 
the North and the South had been fairly repre an election gains enough converts 
sented in Congress in the 1860s, such representa majority after the election, this new 
tion “would at least have tended towards making — represented by its experienced, hithert 
a peaceful settlement possible.”” representatives ; whereas this new n 
Instead of creating groups within the electorate, O. V. might not, and under M. P. w 
P. R. recognizes how the voters themselves divide been represented at all. 
i 


on any given issue. Often these groups are tem- Proportional Representation, f 


porary and shifting; for example, Voter Smith paralyze efficiency. The historic dist 


votes as a conservative on one issue, as a radical ernment in France and some other cou 


on another, and as a moderate on a third. Even ascribed to P. R., can be explained 
in municipal elections, close observers report that wise. Those countries did not use th 
many voters do not follow party lines but cross the single transferable ballot. For 
those lines frequently in registering choices on France used majority systems, then, 
the ballot.* block-list method which Poincare called 
Proportional Representation does not work  actional, hybridous, equivocal systen 
against majority rule. On the contrary, it enables gerously favorable to mistakes and 
any majority of voters to elect their candidates to The several countries have had various 
a majority of the offices. Without P. R., a minority methods which lend themselves to yx 
is likely to rule not only through an accidental or a —nipulation and hamper the voter's freed: 
manipulated election process, as we have seen, but we are calling P. R. does not. Even 
even under the guise of majority government. For methods in vogue in those countries, 
example: A body of voters are, say, 51 pereent have brought many advantages over 
conservative and 49 percent moderate. Of the methods of voting which they displaced 
total body, 26 percent, who are conservative, op A legislative body, a board, or 
pose a certain waterway project, and all the re- which is elected by P. R. can often wor! 
maining conservatives and the moderates—74 per- which combine the insights and interé 
cent in all—favor that project. In electing a legis- various groups within the electorate 
lature, the conservatives win all the seats. More Hallett pointed out that “the P. Rk 
than half the legislators represent the 26 percent Cincinnati and Sacramento were al 
of voters who oppose the waterway project. So the first city managers of those cities 
constituted, the legislature puts through a bill that mous vote.” Whenever the elected rep 
defeats the project. Thus, 26 percent of the voters — of different points of view cannot agre¢ 
thwart the remaining 74 percent. P. R., given fair they can put forward their several 
opportunity for the voters, would have elected choose one of these, or have the electo1 


7 
le 


nearly as many moderates as conservatives to the one, by M. P. 
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none of the methor 


se 
work well, re 


hod, to 
able 


thod can be hampered, 
accord g 


+ | 
candidates, voter 
fe +" 


votinge—voting not 
es for candidates but accordi 
of candidates’ chances for 
lis distortion is impossible in 
] 


two alternatives, and 
RR. More ver, the 


nly is 

P. or P 

; between the voter’s choices o 
fail to reflect the real intervals betwe 
ces in his mind. Still more accurate 
three that have been desc1 
inder some circumstances. To 
three methods, however, to the 
. \ « FOF elec tion 
M. P. for election 


x. for election of n 


mentioned oO 
alternatives, 
than two, and P. | 
seems to be the most 

themselves: 


workable 


ve elections and to so 
ections is to encourage suitable no 


ting, and consequent action.! 

For elections by more than a few 

ers, of the three methods, only Majori 
1, 


nce is seriously unwieldly. It is so greatly 
wever, that someone ought to invent 


“onvenien 


achine that would make this method ec 


‘large elections. 

For smaller elections, each of 

eadily workable. True, when the 
usual way of counting the ballots 
‘oduces chance elements which may give some 


the methods 


tor P. R 


hat different results on a recount o 
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SLIENCE ON 


THE sibiggad 


TROPICAL MEDICINE—A PARTIAL REPCE 


S A nation, we as North Americans have 
ae little interest in tropical diseases, 
although they cause more than one half the ill- 
nesses and deaths suffered by mankind. With the 
exception of a small group of doctors and techni- 
cal men, this attitude is true also of the medical 
and allied professions. 

During the first world war there was a flurry of 
During the second 


interest, which soon subsided. 


world war, however, when it was necessary to send 
large contingents of our soldiers into tropical 

gions, the the first 
time to realize in a small way what was meant by) 
tropical diseases and to understand what a great 
influence they have on the world’s economy 
indirectly, upon our life During the 
years this interest stimulated intense study of these 
to know that that 


nation as a whole began for 


and, 
here. war 
and it is gratifying 
interest continues. 

Notable advances that are of extreme interest 
both to the professional man and to the general 
reader have been made during the past several 
years. To my mind, the most absorbing story in 
this field is the story of the development of chemo- 
therapy in the treatment of 
(lepr sy). Only a small percentage of the people 
in the United States are familiar with the ravages 
and fatal affliction, 
about its results 


diseases, 


Hansen’s disease 


of this chronic but everyone 
has some idea (usually mistaken ) 
and dangers, 

The story of the new life interest and hope that 
has been brought to inmates of leprosaria with the 
advent of sulfone treatment has never 
ten. These sulfones are chemically related to sulfa- 
nilamide and sulfathiazole. The initial study 
begun by the late Dr. Faget at the National Lepro- 
Carville, Louisiana. Early in 1940, he be- 
gan Promin in treatment of a group of 
patients in that hospital. Three years later, after 
careful study and observation in order to be sure 
that he did not make a falsely encouraging report, 
he published a preliminary report of his results. 
Since then different sulfa drugs have been tried 
out in various hospitals throughout the world, with 
uniformly good results. At present it is undecided 
whether sulfone therapy results in a permanent 
The question is of technical interest only, 


been writ- 
was 


sarium, 
using 


cure, 
however, since so far as the patient is concerned 
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the progress of the disease 1s stoppe 

1 possibility that he will become bact 
nega‘ive, receive a discharge from tl 
and return to his family and friends 
report that the 
eld last April in Havana voted the 


he treatment of choice for 


International Lepr 


Hansen's 
: 


little realizes 
means to a patient with Hansen’s dis 


The world in general 
written word is powerless to convey 
idea of the hope brings to thes 
demned individuals. who visit 


1940 


Anyone 
ferent leprosy hospitals before 
attitude of the 
apathetic faces, the dull eyes from 


he | eless 


patients, th 


of hope, ambition, and desire for life 
tinguished; who visited countries wher 
were chased out of villages and forced 


jungle; or 


animals in the who saw th: 
in deep pits from which they could not 
fed by meager rations lowered at 
(knowing that when merciful dé 
filled u 


such a person can have some idea of 


were 
a rope 
arrived the hole would merely be 


torv back of such a di 


tarian side of the s 
It has been my privilege to visit sever 
saria where the sulfone drugs had bee: 
ing the previous twelve months—the cl 
The characteristic 
disfigured faces wet 
ing to normal, the begin 
blindness could Many | 
had been complete invalids were going 
rk of the hospital ( 


astounding ! - ragged ul 


healing, the nodular, 
and many of 
again. 


in the w 
true that 
origin there remain numerous old 


sisting 


quite because the drugs ari 


sen’s disease with mutilated faces and ext: 
but the entire mental atmosphere is chat 
now meet patients who know they have 
tunity to get well, that th 
chance to discard the fictitious names 


who realize 


order to protect their families—and_ to 


their homes as cured, or arrested, cases. 
Those who visit one of the larger col 
with the unfortunat 


sometimes as many as five hundred, w 


memory of the 


fined in a single colony because of Har 


ease. These patients, some of them only 
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t as vet realize what the i 


them—but the visitor 


which these children 


nied sulfone therapy 
strate “mans inhumanity 
4 ) 


k no further than the 


ites 4 
ite people. 71 he 
is manifested are out 


di 


1 


sease wil 


er involved. I believe a 


agree | 
tuberculosis is a far great 

ity than the patient infecte 
the mode of transnussion of 


vet been discovered or den 


well over a hundred human 


been performed without 


most recent advance in the field of 
licine was announced in two reports 
International Congress of Tropical 
Washington, D. C., May 11 of this ye 
scribed the work of Smadel and associ: 


the use of ( hloromvyceiti 


rub typhus; the other report was the study don 
Payne and Knaudt, who treated epiden 
hus in Bolivia. These two dreaded 

caused by minute organisms 


bel 115 
elisia. 


fhe rickettsial diseases, which often al 
rth, have continuously defied medical science 
ffer anything in the way of a cure or remedy) 


loromycetin, a new antibiotic, was tried w 
ctacular success in these two diseases. Epidemi 


hus, which is transmitted by the human louse 


is had a great influence on the 


a oe c 4] 
History oO i 
ri 


Lil 
1 


perhaps second only to m aria. It 

lisease that has often accompanied armies 
astating and destroying them before they do not discolos 
iched or accomplished their objectives. And it drugs for 
mains after the army has passed, to add its 


to 
rrors to the starvation and 


Ww 


wreckage Ol W 
ere typhus fever is endemic the fear of 
isease testifies to its seriousness. Thi 


rate, varying from 20 to 50 percent, bear 
its destructiveness. 

Scrub typhus is perhaps the most serious disease 
the East Indies. During the recent war with illness due ul 
ipan, this disease at times caused more casualties the poorer populations and _ is 
than the enemy. It was a serious threat to success- _ loatl 


ul military operations. Mortality from scrub ty 
phus is high and has rendered considerable terri 
ty uninhabitable throughout the Orient. It is 
transmitted by a small insect, a larval mite, whicl 
as the musical name Trombicula and 


. 11 
(ti IS SO Stila 


oathsome diseases encountered 11 
] 


Kala azar, found in Mediterrane 


tober 1948 





study. This disease, which has depopulated large properly organized attack against su 
areas of the African interior, attacks domestic and In this way progress is made in th 
other animals, rendering stock raising impossible disease. Any new discovery is the res 
in regions where the disease is endemic. series of studies by numerous primary 
Progress has been made in the therapeutic field who deserve, but seldom receive, th 
as well as in the field of prevention. Study of the an adoring, appreciative public 
habits of the vector, the tsetse fly, has enabled 
control measures to be put in practice which have 
greatly reduced the fly population. In the field of 
chemotherapy, a group of drugs has been found 


The student entering the field 
cine need not fear that nothing remai 
discover. Tropical medicine contains 1 


which forms a fairly successful combination ies—numerous diseases for which no | 
Bayer 205 is used as a prophylactic, amodines are able and many others whose etiolog) 
used in treating early cases, and Tryparsamide lropical ulcer, which incapacitates si 
in treating late or neurological cases. Thus the “\mazon Valley and is especially sever 
problem of one of the most contrary and baffling Rio Abuna, occurs in varying severity 
diseases of the tropics has been at least partially the tropical world. Its cause is in dou 
solved. effective satisfactory treatment is ava 
One disease in which no recent therapeutic gas’ disease, or South American trypat 
advance has been made is amebiasis. The protozoa although its cause is known, still remaii 
responsible for this disease, which can cause therapeutic mystery of this hemisphers 
serious illness and sometimes death, may live for 5° far have given any indication of acti 
years in the human body without causing trouble © mne-nosed bugs that transmit the dise 
for the host, as is evidenced by the fact that ¢asily controlled even with DDT. The si 


10,000,000 people in the United States harbor thes 
parasites, yet few suffer serious results. Although 
recently much time, effort, and money have been 
expended in the search for more effective treat- 


be intrigued by the highly fatal Oroya 
its romantic history; by filariasis, with it 
sequela of elephantiasis; and Espund 
horribly disfigured victims, will sti 
ments, nothing new has been developed that con search for an effective cure. 

These are only a few 
remain in the heavily populated tropical 


ket GEN] 


stitutes an improvement on classical, established 
treatment. 

Recent studies have taught us a great deal, how- 
ever, about the life and habits of Amoeba histo- Parke, Davis ¢ 
Detroit, Michigan 


Company 


lytica, and such information is necessary for a 


PETROLEUM AND NATURAL GAS AS SOURCE MATERIALS 
FOR CHEMICALS 


tonnages of petrochemicals require les 


yETROCHEMICALS were a negligible fac- small percentages of their total. The pre 


tor in our economy in 1925. Annual produc- 
tion was less than 150,000 pounds. Today they _ percent of the total petroleum productio1 
comprise a mammoth industry which produces Even abroad, where petroleum is fo1 
over 3,500,000,000 pounds of raw materials for 
synthetic organic chemicals yearly. This develop- 
ment also represents a marked increase in the per- 
centage of aliphatic chemicals produced. In the 
20-year period ending in 1945, aliphatic produc 
tion rose from about one third of all organic 
chemicals to two thirds of the total. Petroleum and 
natural gas, however, are becoming increasingly 
important in supplying aromatics because present 


part imported, construction is under wa 
creasing petrochemical production. In 
the first installation of a high-temperatt 
ing process is now expected to have 

of about 150,000,000 pounds annual 
plants for petrochemicals in England w1 
for an annual output of 100,000,000 pour 
tergents, 60,000,000 of insecticides, 60,0 
ethylene, and 48,000,000 of olefins, aron 
requirements are not being met by carbonization oxidation products. A new chemical indust 
of coal. Although petroleum and natural gas are in 
extremely high demand as fuels, the quantities 
needed to expand chemical production are very 


on petroleum is also being established i1 
Plants now near completion will produ 
000 pounds of plastics, 50,000,000 of « 
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QO,QU0,000 pout 
re also considerit 
ints. 

mential growt 
is been brough 
esearch, It is 
5,400 finished 

eum. Many ot 

s of the streamline: 
wotor fuel production 


racking, hydrogenati 


merization, 1somerizati 
superfractionation make possible 

individual hydrocarbons 0! 
Cal 


xidation of hydrocarbons t 
| hydrogen is one of the most 
e petrochemical industry. 

many types of oxygenat 


molecular weight hyd 


Fischer-Tropsch process, w 
oped primarily for the manuf 
ym natural gas, will al 
mnles ot alcohols, aldehydes, 


Production of these conmipoul 


lants now projected has been 
as 300,000,000 pounds per 
esses for direct oxidati 
gases and others are 
he number and amounts of | 
has been worked out for the 
natural gas or components 
lene, and a huge plant is being in 
out the process. Acetylene can al 


luced from natural gas by a 


trical process.” The first commercial 
ted at Houston, Texas, will be complete d 
\ high-temperature cracking process pet 
in England, in which olefin gases 
matics are produced catalytically fron 
vel 


1 
i 


distillate, is a new development 
the first plant is completed, research 


lil resuit 


ught about improvements which w 


) percent increase in capacity over the int 


mates. 
the hydrocarbon raw materials derived 
leum are principally ethylene, propane, 
¢, butanes, butenes, butadiene, pentanes 

és, pentadienes, toluene, and xylenes 
unts of the cresylic and naphthenic act 

present in petroleum. The cresylic aci 
ariety of commercial applications in re 
| 


gum inhibito 


lesives, surface coatings, : 
agents, disinfectants, metal cleaners, 
ids 


insecticides. The naphthenic aci: 


ingicides, high-pressure lubricants 
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Another regulating synthetic chemical is “en- 


drop,” or alpha-naphthalene acetic acid, which 


prevents apples from dropping prematurely, 
The detergent field is one of the principal mar 
state of rapid 


kets for petrochemicals. It is in a 


eToOw th and is ex pected to reach 1,000,000,000 


Total pro 


pounds annual output in a few years. 
duction of synthetic detergents in 1947 was about 
600,000,000 pounds, which contained about 240, 
000,000 pounds of surface active agents. The gen 
eral types derived from petroleum, which include 
the alkyl aryl sulfonates, alkyl sulfonates, and ni 
trogen-containing aliphatics, constitute a high per 
centage of the total produced. For many purposes, 
the synthetic detergents are superior to soap. They 
are more effective in hard water, can be used in 
acid solutions, and do not leave curd, which Causes 
such annoyances as “rings in the bathtub.” Two 
factors that have inhibited more widespread re 
placement of soap have been the inability to pro 
duce them in bar form and the comparative in 
effectiveness of detergents on heavily soiled cotton 
goods. Recently, the bar formation problem has 
been solved for some detergents, and they are 
now being marketed in that form. Research indi 
cates that the cotton problem can be solved by 
adding small amounts of phosphates, carbonates, 
borax, or carboxymethylcellulose. A group of sur 
face active agents, of which quaternary ammonium 
compounds are the most important, possess ex 
cellent germicidal properties. Synthetic detergents 
also have a variety of applications in textile finish 
ing. Other interesting uses include settling coal 
mine dust and washing dirt from city streets. 

The plastics and resin industries comprise one 
of the largest markets for petrochemicals. Many 
types such as polystyrene, vinyl resins, and poly- 
ethylene are produced either wholly or in part 
from petroleum. The 1947 consumption of poly- 
styrene, which requires large amounts of ethylene, 
was 92,000,000 pounds. It is expected that ca- 
pacity will be expanded to 200,000,000 pounds by 
the end of this year. Petroleum also supplied a 
high percentage of the material for 180,000,000 
pounds of vinyl resins produced in 1947, and de- 
mand is not yet satisfied in this field. This year’s 
production of polyethylene is anticipated to be 
50,000,000 pounds. Petroleum is also becoming a 
growing factor in phenolic resins and plastics, of 
which over 200,000,000 pounds were produced in 
1947. The demand for phenol for all purposes is 
much higher than production at present. Indica 
tions are that the plastics and resin field will re 
quire increasing amounts of chemicals for a num- 
ber of years. Through research, new adaptations 
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and new products are continually b 
These products, which range from 
and fibers to radio cabinets, mak 
Innovations as water-repellent felt 
that sheds icc 


and moisture, at 


phonograph records. 
Petroleum also supplies raw 

host of other synthetic chemical inte: 

solvents. The protective-coatings 11 

ample, utilizes a number of these 

various purposes. Such solvents as a 

ethyl ketone, isopropyl alcohol, an 

butyl carbinol are derived from pet | 

ethylene, propylene, and butylen 

alcohols have been developed whicl tite 

drying and durability properties of vai 

thetic glycerin and its by-products, 

alyl alcohol, epichlorohydrin, also ha 

applications in the coatings industry Q 

35,000,000 one 

glycerin per year. Another developm Fidize 


importance is the production of phtha 


plant has a capacity of 


from ortho-xylene. The first commet 
tion is producing at the rate of 8,001 
a year. This process will undoubted niact 
because naphthalene, formerly — the ir 
chemical for phthalic anhydride, is Hs, | 
present requirements, tities 
From a tonnage standpoint, synthetic met prerine 
is one of the most important products 
petroleum and natural gas. In 1947, total | I des 
tion was 545,000,000 pounds, A oreat nd 
1948 is indicated by the fact that aln r 
000 pounds were produced in Marcel ! hicals 
pared to a maximum monthly product st: 
48,000,000 pounds in 1947. The trend t 
lizing petroleum and natural gas as 
is illustrated by the shift in sources | picts 
methanol. In 1946, 71 percent was ba 
or coal, whereas, in 1948, Vi perce nit ’ | fo 
to come from natural gas. D put 
An important consequence of tl 
methanol production is the increasing 
of formaldehyde available. Maximu 
production in 1947 was 46,000,000 
March 1948 it reached over 60,000,000 
Although complete U. S. data on s\ 
alcohol are not available, it has been est 
the annual production is about 200, 
lons and that over 50 percent of this vol 
from petroleum and natural gas. It is 1 
through reaction of ethylene with si 
followed by hydrolvsis. Commercial 
are also being made to utilize a cata 
for hydration of ethylene to ethyl 
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in annual capacity of 18,000,000 


tonnage chemicals are manufactured 
or in part from petroleum and natu- 
ng those in over 100,000,000 pounds 
ction are acetaldehyde, acetic acid, 
ride, acetone, butyl alcohols, carbon 
ethylene glycol, and isopropyl al- 
is estimated that of the total domestic 


tion, 35 percent of the normal butyl] alcohol, 


ent of the acetone, and all the isopropyl 
me from petroleum and natural gas 


roleum and natural gas also furnish ma- 


for certain inorganic chemicals. Large 


ties of sulfur compounds are present in 


rude oils and natural gas. As an example, 


}tons of elemental sulfur were recovered 
ears from an Arkansas natural gas contain- 


8 percent hydrogen sulfide. In a number of 


es, hydrogen sulfide from processing crude 


ized to sulfur dioxide for conversion to sul- 
iid. Hydrogen is obtained from the high- 
rature cracking of natural or refinery gas. 
{particular importance because it 1s used to 
facture ammonia and ammonium nitrate, 


are sO important in meeting fertilizer de- 


One particular plant produces sufficient 
es to meet 11 percent of the United States 
lents. 


outlook for petrochemicals 1s extremely 


lespite the competitive demands on petro- 
ind natural gas for fuel purposes. The pic- 


relation to other raw material sources for 


als is so clouded with acute shortages and 


s+ 


sts that the necessity for increasing use of 


eum and natural gas is evident. As a supplier 
iphatic chemicals, fermentation of agricultural 
ts is the largest competitor. Prices for 
, however, are such that it is more valuable 
| for humans and livestock than for fermen- 


purposes. There is also strong competition 


tor all fats and vegetable oils as food 
Che cost ot aliphatics Irom coal, starting 


acetylene, is excessive because of the price 
Wood distillation, once the second largest sou 
of aliphatics, cannot be expected to furnish 
large-scale demands of today from 
forests. 

In the aromatic field, petroleum is 
continually more important. Coal tar, the 
source of aromatics, is limited by the 
product coke-oven operations in the manufac 
of steel. Demands have already greatly exceeded 
the capacity of this industry, Many of the new 
petrochemical plants now under construction will 
make large quantities of aromatics. For example, 
one projected plant on the Gulf Coast is expected 
to produce as high as 200,000 pounds of aromatic 


per day from natural gas. 


Plant construction by major oil and chemical 


companies now under way is in itself indicative 
of the tuture of the petrochemical industry. De- 
velopments in the Gulf and West Coast areas are 
particularly significant. On the Gulf Coast alone, 
about $400,000,000 is being invested in chemical 
plants. Announcements of further construction 
are continually forthcoming, and this estimate is 
conservative. On the West Coast, one oil com- 
pany plans expansion to manufacture 300,000,000 
pounds of detergents annually, about 30 percent 
of the future market. Another oil company will ex- 
pand its Western operations to increase ammonia 
production by 50 percent and to manufacture new 
organic chemicals. Other Western companies aré¢ 
also increasing petrochemical output. These are 
but a few examples of the skyrocketing growth of 
the industry. The foundations that are being 

for the petrochemical industry 


position in our economy. 


Universal Oil Products Company 
Chicago, Illinois 





BOOK REVIEWS 


BASIC TOOL 


The Genius of Industrial Research. D. H. Killeffer. 
vii+ 263 pp. $4.50. Reinhold. New York. 


ERHAPS it is the publisher’s fault, perhaps it 
Pp is Mr. Killeffer’s, but the fact is that the latter 
should not appear as “author” of this book. Call him 
editor, collator, or compiler, but certainly not author, 
for more than 60 percent of the book consists of direct 
quotations from the writings of others. 

Just why Killeffer does not appear in his true guise 
is hard to understand. Listed as editor, he would re- 
ceive ample credit, for he has done an excellent job 
of collecting and assembling material to illustrate and 
prove the points he wishes to make. At least ten 
Perkin Medalists and more than a score of other sci- 
entific notables relate their experiences and contribute 
advice. 

The book is one of several which might well be 
required reading in a course that should be given 
every third- or fourth-year science student. 

A thorough understanding of the methods of re- 
search is one of the basic tools, the hammer or saw, 
that must be in the kit of the young research man. 
Without it he can build no permanent structure but 
only odd bits of ill-assorted bric-a-brac. Yet personal 


experience and observation of some hundreds of 
chemists lead the reviewer to believe that a majority 


escape college with little real conception of the 
methods they must use if they are to do creative 
work. Killeffer puts it bluntly: “ methods of 
research and development as practiced in our indus- 
tries are not taught in our colleges and universities. 
The average graduate or postgraduate going into re- 
search has to learn, if he ever does, by hard experi- 
ence the simple principles of his art.” 

The fault is that of uninspired, or ignorant, in- 
structors, and a book such as Killeffer has edited 
could do much to direct the undergraduate gaze to- 
ward unsuspected vistas. Surely no better examples 
of the clear, logical reasoning that leads to great 
discoveries can be found than in some of the great 
classics of chemical research. Among those Killeffer 
has included are the story of Carothers and synthetic 
rubber, Langmuir and the gas-filled lamp, Midgely 
and lead tetraethyl, Sabatier and catalytic hydrogena- 
tion, Hall and aluminum, Hyatt and celluloid, Dow 
and bromine, Cottrell and the dust precipitator, Wil- 
liams and thiamin. 

The book contains a number of good bits of advice 
for the research man. Typical are: 

Although it is difficult to persuade research men to 
admit such a thing, it is possible to provide too much 
ease and too great convenience for the researcher. The 
process of incubation and relaxation may become so 
pleasant that the time of the researchers may be so whole- 
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heartedly devoted to this phase of the 
nothing at all is accomplished. 

The process of research reduces its 
of statements of the problem ever mor¢ 
upon the solution as information accur 
shrinks the unknown area around the 
vital [to the researcher’s] own efficiency 
frequent reports to himself, if not to ot! 

Far too often the research man aband 
the door of the pilot plant, and becaus« 
it is the place to make mistakes, proceed 
reasonable error and some unreasonable « 

. most research workers [are reluct 
fact that they often do not know what 
intend to say when they come to write ; 
leads to the conditions most often con 
scientific writing: that meaning is hidder 
among useless words. 


And any research director may p1 
chapter dealing with the proper way 
lem. As Editor Killeffer says: “Eve: 
oratory is cluttered with problems leit u 
sumably these are beyond or outside 1 
skills of the available workers, but mu 
they have not been stated in practicab 

RA 
Research Department 
Columbia Chemical Division 
Pittsburgh Plate Glass Company 
Barberton, Ohio 


THE STORY OF THE NACA 


Frontiers of Flight. George W. Gray 
pp. Illus. $6.00. Knopf. New Yo 


HE characteristic ability of the 
scribe highly technical matters 


intelligible to the scientifically untrai 
admittedly the secret of the readability 
The ease with which the reader co! 
many functions of the research establi 
National Advisory Committee for Aeronaut 
to impress upon him the numerous and 
that must be considered in designing 
cratt. 

This story of the NACA is the st 
tific development of aviation in the 
Fostered by Dr. Charles D. Walcott 
of the Smithsonian Institution, the 1 
ment-supported aeronautical resear 
was unpretentiously realized in 1915 
passed the Navy Appropriations Bill 
rider to this bill was an act which 
President of the United States to app: 
whose function should be “to superv! 
scientific study of the problems of flig 
to their practical solution.” 
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Act specifies that in appointing the Committee, 

sident should give representation to certain 

naturally interested in aeronautics. Thus, the 
ttee is made up of two members from the 
two from the Navy; two from the aeronautical 

»s of the Department of Commerce; one each 
the Smithsonian Institution, the National Bu- 

Standards, and the Weather Bureau; and six 
nal members from the ranks of “those ac 
yainted with the needs of aeronautical science, either 
vil or military or skilled in aeronautical engineering 
r its allied sciences.” 

This Committee is the controlling body of the gov- 
ernment’s aeronautical research establishment, which 
today represents an investment of $85,000,000, located 
in three laboratory centers: Langley Field, Virgina; 
Moffett Field, California; and Cleveland, Ohio. 
Members of the Committee serve without pay and 
mave been of such high character and distinction as 

render the Committee completely free from politi 

| influence. 

Employing a staff of scientists and research engi- 
neers (wartime peak 6,804 people ), the NACA has 
undertaken and solved countless problems relating to 
the fundamentals of aircraft design and performance. 
This work is carried on not in competition with pri 
vate industry, but in support of it. As rapidly as 
findings are made and confirmed they are made avail- 
able to the Army, the Navy, the Civil Aeronautics 
\uthority, the aircraft industry, and the engineering 
profession. Scientific study and experiments carried 
by the NACA have resulted in improved designs 
for seaplane hulls, engine cowlings, 


‘1 
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high-lift wings, 
high-speed wings, propellors, control surfaces, wing 
panels, engines, superchargers, and many other items 
ssential to more efficient aircraft. 

Mr. Gray has set down an illuminating narrative 
f events concerning the establishment and the sub 
sequent growth of the NACA;; but the larger portion 
f the book is rightfully devoted to lucid descriptions 
of some of the more important findings of this capable 
research organization, which has contributed more 
to the success of American aviation than any 
ne group. 


other 


The author has brilliantly portrayed the pioneering 
role of the NACA in exploring and conquering the 
manifold “frontiers of flight.” 

J. H. Bett, Captain, USMCR 
U. S. Naval Photographic Center 
Naval Air Station, Anacostia, D. C. 


REAPPRAISAL OF DARWINISM 


les Darwin. Jean Rostand. 237 pp. Illus. 220 
Librairie Gallimard. Paris, France. 


SINGLE volume on Darwin which includes 
not only a short biography and a character 
ketch, but discussions of his major works and theo- 
ties, of his predecessors and successors, his philoso 
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altering its structure or activity to meet changes in 
its environment. Both parts can be considered in two 
aspects. 

One may describe the phenomena of morphogenesis 
and of direct adaptation in terms of physiological, 
and ultimately physicochemical, reactions. The origin 
of these phenomena may also be analyzed and ex- 
plained causally in terms of the historical development 
of a given organism and of the living world as a 
whole. Professor Holmes’ book is largely devoted to 
the first of these two aspects, although he is fully 
aware of the paramount importance of the second. 
To use his own words, “In response to the question 
how the parts of the organisms came to have this 
fortunate endowment, the mechanist has no other 
consistent recourse—although many have tried to 
find one—than to fall back upon the interpretation of 
adaptation supplied by Darwin.” To pursue the 
subject further he would have to enter the field of 
modern population genetics and evolution. This he 
refuses to do, although repeated references to Dar- 
winism are made throughout the book. Quite con- 
sistently, the central idea of the book is that “Each 
step in morphogenesis may be regarded as a matter 
primarily of functional adjustment, a part of the 
general process ot homeostasis, or balancing, as much 
as the various processes subsumed under this name 
in the adult body.” But homeostasis is evidently not 
comprehensible except as a product of the kind of 
natural selection that Schmalhausen has_ recently 
called “stabilizing selection.” 

In a very thoughtful and carefully balanced chapter 
on Autocatalytic Enzymes and the Origin of Life, 
Professor Holmes develops one of probably the most 
fruitful ideas current in modern biology, namely, 
that phenomena of self-reproduction or self-synthesis 
are among the basic manifestations of life. But he 
stops short of the conclusion that the origin of self- 
reproduction constitutes the origin of life in the world. 
Natural selection, and consequently adaptive and 
progressive evolution, are implied in self-reproduc- 
tion. He accepts, however, the dubious theory of 
Oparin, according to whom complex organic sub- 
stances, perhaps even proteins, appeared on earth 
spontaneously before the dawn of life. The chapter on 
Cancer as a Biological Problem is somewhat isolated 
in the book, but it gives an interesting discussion of 
recent hypotheses which attempt to explain the nature 
and origin of malignant growths. Two of these hy- 
potheses are favored: that of somatic mutation and 
that of “evocation” resembling cellular differentiation 
in the normal development. Professor Holmes con- 
cludes that “The somatic gene mutation theory and 
the evocation theory may not be so wide apart as they 
may appear. It is quite possible [he believes] to ac- 
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count tor the facts favoring both of them b 
mutation theory which attributes the origi: 
nance to changes not in genes but in gx 
tives.”” Provided that the ‘‘gene derivatives 
reproducing bodies, their change which is ; 
in their division products is a mutation by 
To a geneticist, the somatic mutation tl] 
not necessarily mean that a gene borne in 
some must be changed. This theory furni 
the most hopeful path of approach to the | 
the origin of neoplastic growths. 

Tu. Do 
Department of Zoology 
Columbia University 


THE MOVING FINGER WRITES 


Our Plundered Planet. Fairfield Osborn. xiv 
$2.50. Little, Brown. Boston. 


a. significant than a political an 
history of the world is this moving a 
the impoverishment of the earth’s biological 
Man’s history of self-destruction as writte 
deserts of Asia, the Mediterranean lands, and 
in Europe, and even in Russia and Australia 
rewritten at an accelerated pace in the contit 
the New World. The pattern is unalterably the 
misuse of the land. Despite the strengths 


armies, the acumen of their mechanical and indust: 
geniuses—in fact, often because of them—natior 


nation has fallen into decay through ignorar 
lack of cooperation with the natural forces 
planet. 


Fairfield Osborn’s question: “Are we to conti: 


the same dusty perilous road once traveled 


dead end by other mighty and splendid nations, 


our wisdom, are we going to choose the onl 
that does not lead to the disaster that has bet 


many other peoples of the earth?” remains wi 
swered. To understand the question in its tull 
awful meaning, one must study this most disturb 
history. To answer the question hopefully, s 
and scientists together must devise positive action t 
stem the flow of lifeblood—soil and water 

rapidly dying and highly complex biological 


the planet Earth. 
In writing the history, in pointing the 
effect at the causes of the world’s No. 1 probl 


president of the New York Zoological Socic 


performed a task equal in importance to that 
prophets of old. 

A. 
The American Forestry Association 


Washington, D.C. 
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TECHNOLOGICAL NOTES 
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releases On Cameras, acces 


relatively few and 
regardless 
bject, is an example of the use of photography 
lustry. Pictures supplement the written word o1 
en replace it. Technical description by 
tographs is comparable to the felicitous use of 
inguage to explain what and how, and to some extent 
hy. Improvement in this form of expression is evi 
ced in concentration on the technical objects 
ves rather than making them merely incident 
beauty of the model holding what is to be 


1 
ribed. 


The Same sort of serious economy 1n pres¢ 


:ppears in motion. pictures of industrial subjects 
subject worth presenting is worth immediate and co1 
entrated attention instead of being dragged 
story by the heels. 
History. Tracing the beginning back to Edison’s 
Kinetoscope of 1889, the Royal Bank of Canada has 
letter on The 


etter differs from the comment above: “The informa 


movies in education and industry. 


nal film contemplated by business and industry must 

e sharpened by human emotional interest; they will 

id information-giving a dangerous business if the 

notion-kindling process is not incorporated.” Yes, 
ut sheer interest in a fascinating subject is a sign 

f kindled emotion. 

What Radio Corporation of America calls “tele- 
vision history” was made June 25 when pictures of 
i fight in New York appeared on a 20’ x 15’ screen in 
Philadelphia. Every seat in the theatre trans- 
formed into a ringside seat at New York’s Yankee 
Stadium.” 

Travels with a camera. Geography begins at home. 


“was 


Amherst’s students in geology get such a beginning 

n the new teaching technique that turns a sequence 
of pictures into a travelogue, showing first the near-by 
ountryside for easy comparison of pictures and 
riginal. 

A bird’s-eye view is hard to get by squinting at two 
erial pictures. Fairchild has a stereoscope that folds 
like spectacles and weighs only 714 ounces. In use 
by photogrammeters (or anybody who wants to get 

stereoscopic view from aerial photographs), the 
levice stands on three legs, 4 inches above the prints. 

Glass. Eastman Kodak has reported a new glass 
formula, described by the company as a major optical 
levelopment of the past fifty years. The formula 
neludes lanthanum, tungsten, and tantalum. With this 
high-index glass, designers have produced lenses that 
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COMMENTS AND CRITICISMS 


CAN INTELLIGENCE BE MEASURED? 
(A Reply to Davis and Havighurst) 


It would appear that the crux of the article by Davis 
and Havighurst on “The Measurement of Mental Sys- 
tems” (SM, April 1948) is the assertion that a so-called 
intelligence test is invalid if it gives higher average scores 
to the highest socioeconomic group than to the lowest 
socioeconomic group, on the ground that actually there 
is no difference between these two groups in intelligence. 

This belief by the authors seems to be made very clear 
by the statement (p. 312, col. 2) that “any differences be- 
tween the average response of different cultural groups to 
a mental problem may be attributed to their unlike cul- 
tures. Therefore, all problems that show socioeconomic 
differences in performance should be ruled out of the tests 
as unfair.” 

The assumption that all socioeconomic groups are equal 
in innate intelligence and that they make different average 
scores in intelligence tests only because of faults in the tests 
seems to run through the article from the first page. Yet 
this assumption appears to be wholly gratuitous. In the 
whole 16-page article there appears to be no proof whatever 
of this statement. The authors seem merely to give any other 
contention a wave of the hand with the assertion (p. 312, col. 
1): “There is no evidence, and no theory shared by the 
leading human geneticists, to the effect that the under- 


privileged socioeconomic or racial groups are genetically 


inferior to the more prosperous socioeconomic groups.” One 
is led to wonder who these “leading human geneticists” are. 
No names are given, nor is any reference given to any re- 
search or published opinion. 

The authors go on to say: “There is abundant scientific 
evidence, advanced by sociologists and social anthropolo- 
gists during the past twenty-five years, that a child’s par- 
ticular social and cultural environment directs, trains, 
and motivates his behavior.” The odd fact is that nobody 
would contradict that statement, but it proves nothing with 
reference to the preceding statement. We all know that 
environment governs behavior, and it would seem that 
most scholars believe that heredity also helps govern 
behavior. The age-old controversy has been merely: 
Which has the more influence, heredity or environment? 
It is obvious, then, that to offer the assertion that scholars 
believe that environment governs behavior as proving 
that heredity does not govern behavior is fatuous and 
beneath the intelligence of the two authors. 

Let us do a little logical reasoning in this matter. 
We all agree that there are hereditary differences in 
intelligence—that is, in the ability to solve life’s problems 
and adjust oneself to the environment. If two young men 
have a hereditary difference in intelligence—the ability, as 
we said, to solve life’s problems and adjust themselves 
to their environment—it is obvious that the favored one 
will be more likely to succeed socially and economically 
than the less favored one. This means that in the long run 
the less favored individuals—those with less hereditary 
ability to solve life’s problems and adjust themselves, 
especially in these days of insecurity—must necessarily 
tend to gravitate into the lower socioeconomic groups. 
This means that there comes to be a tendency for low 
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socioeconomic groups to be of lesser innate ir 
than high socioeconomic groups. 

It certainly has been proved beyond question ¢ 
ligence is inherited; that is, on the whole, the 
of parents of lesser intelligence tend to be then 
lesser intelligence. This fact, coupled with the 
parents in the lower socioeconomic groups tend { 
lesser intelligence, means that children in the low 
economic groups tend to be of lesser intelligence 

We see, therefore, that logical reasoning bri 
the inescapable conclusion that children in tl 
socioeconomic group must be expected to mak 
average scores on a valid intelligence test than ¢ 
the highest socioeconomic group. 

It is interesting that the authors consider the Ot 
Non Verbal Test to be the most valid in that it dit 
ates least between socioeconomic groups. Actual] 
ever, there would seem to be no way to determine 
priori grounds how much difference between 
nomic groups is to be expected in average scores 
percentages of passes of items in a test; hence, it would 
seem that the authors’ Figure 1, showing various amount 
of average difference between percentage of pass 
items of several tests, is of no significance in this cor 
We don’t know whether the test that showed small 
ences between the two socioeconomic groups is a better 
poorer test of intelligence than the others. 

One important consideration that the authors 
take into account is that intelligence tests have 
purposes, and that different kinds of validation : 
are needed for the different purposes. Thus, one purpose 
of an intelligence test might be to study scientifically the 
hereditary differences in intelligence between races or 
socioeconomic groups, whereas another purpose might be 
to determine for practical purposes the probabl 
which different pupils in a given school will progress in 
that school. 

If our purpose is of the first kind, we may need t 
to great trouble and expense to get a test that is as free as 
possible from any influence of school environment. It might 
be worth while to spend five hours testing each individual 
with a great variety of items, including, say, tests of 
manual dexterity, learning ability in an actual learni 
situation, etc. 

On the other hand, if our purpose is merely to prognos 
ticate pupils’ ability to progress through a given schoo 
and perhaps to classify them accordingly within tl 
we Can use a much more convenient test. This is | 
even the differences among pupils that may be the resu! 
of different “cultures” have a marked effect in determining 
pupils’ rate of progress through a given school, and con- 
sequently it is of no great concern to the test maker 1! 
the score is affected to some extent by “cultural influences 
so long as it makes an accurate prediction of what it 1s 
desired to predict. 

The authors criticize the Otis tests because th 
validated on the principle that that item is best w 
differentiates between pupils who are making s! 
ress and those making rapid progress. But it w 
obvious that if predicting rate of progress is 
purpose of the test, then rate of progress of pup: 
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+ prevent cultural influences from helping to deter- 
pr scores but, so long as those influences also 
‘ate of progress in school, we need not consider 








5 all 
‘ pie er vicious in influencing the pupils’ scores. 
a -ated above, the making of a practical and work- 
tellig nce test involves a compromise—some sacri- 
: scientific validity for the sake of economy and 
ncy of administration. This means that for practical 
ses the variety of types of items is necessarily 


what restricted—to the distress of the authors. 

‘he authors wish merely to point out the shortcomings 
the present tests for such scientific uses as studying 
F-rences in intelligence between various racial or socio- 
ic groups, well and good. But in the present study 
hors have made the following errors: 





is assumed almost gratuitously that all socio- 
mic groups are equal in inherent intelligence. No 
ce is given in support of this assertion. 
he obvious error of such a hypothesis, as becomes 
br through a little logical reasoning, is ignored. 
The conclusion drawn from the erroneous hypothesis, 
that any test that differentiates between high and 
joeconomic groups is invalid, is necessarily er- 





Yo account is taken of the different uses to which 
sence tests are put and of the difference in mode 
validation needed for the best results in the different 


Tests are condemned for having been validated in 
manner actually best calculated to make them most 
{ul for the purpose for which they will be used in 
ty-nine cases out of a hundred, that is, predicting 
tive rates of progress of the pupils of a given school 
gn that school. 


ncidentally, it is noted that the title of the article uses 
“ - 99 4 
term “mental systems,” yet the article would seem to 
no explanation as to what is meant by mental systems 
any justification for the assumption that there are such 
igs as mental systems. 
ArTHUR S. OrIs 


(A Rejoinder to Mr. Otis) 


{r. Otis makes two basic criticisms of our paper: 


rst, he says that we assume that all socioeconomic 
s are equal in innate intelligence. This is stating 
position a little more strongly than we would do; we 
ld rather say that in view of what is now known about 
tics and about intelligence testing, the safest assump- 
s that the several socioeconomic groups in the United 
tes are equal in innate intelligence. We cannot prove 
assertion on the basis of evidence at present available, 
either can the assertion that socioeconomic groups 
in innate intelligence be proved with evidence now 
and. (See the mathematical papers of J. B. S. Haldane, 
celot Hogben, Julian Huxley, and Levy on genetic 
ion; the studies of twins by Newman, Freeman, and 
zinger; and the papers of B. Kuppusawny.) 
particular, the “logical reasoning” Mr. Otis offers on 
matter of differences of innate intelligence between 
economic groups leaves us unconvinced. We agree 
two young men may have hereditary differences in 
“ability to solve life’s problems and adjust themselves 
ier environment.” We suggest, in passing, that in- 
gence tests probably do not measure this ability very 
hor are they intended to do so. The argument ad- 
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vanced by Mr. Otis is that the more innately intelligent 
young man, and others like him, will be more likely to 


succeed socially and economically than the less gifted ones 
In the long run, he argues, the less intelligent ones 
(genetically) will gravitate into the lower socioeconomic 
groups, and will pass on their less favorable genetic 
characteristics to their descendants. 

We cannot agree with this argument, on the basis of 
what is now known about genetics. Intelligence, in so far 
as it is passed on genetically, is transmitted as a highly 
complex set of mental characteristics on an unknown but 
certainly large number of widely separated genes. The 
kind of argument advanced by Mr. Otis might apply to 
such a relatively simple characteristic as eye color, if eye 
color had any function in socioeconomic competition, but 
it probably does not apply to such a complex set of charac- 
teristics as intelligence, particularly when intelligence is 
defined as ability to solve life’s problems and adjust one 
self to the environment. From what is known about 
genetics, the children of a man who was well favored with 
innate intelligence would have very little chance of being 
better favored than the children of a man who was less 
well endowed genetically in these respects. Both men carry 
many latent characteristics as well as manifest ones in 
their genetic structure. Both men, furthermore, have wives 
who in each conception contribute half the genes to the 
offspring. There is very little chance that socioeconomic 
differences have been translated into genetic differences 
of intelligence under these conditions in the course of the 
half a dozen generations that span the life of American 
society. Possibly a geneticist, with present-day knowledge 
and power to control human mating, could breed groups 
of humans with different average innate intelligence in the 
course of fifty or a hundred generations, but that remote 
possibility does not bear on the present situation. 

Thus we believe the safest assumption that can be made 
is that there are no innate differences of intelligence 
between socioeconomic groups in the United States today. 

But suppose we grant the possibility that there is a 
small innate difference of this sort (which we must con- 
sider as a possibility, though insisting that it is certainly 
small if it exists). Even in this case, we should point out 
that, with the great individual variability of innate intelli- 
gence in all socioeconomic groups, and with the higher 
birth rate of the lower socioeconomic groups, there are 
many more highly endowed children born in these groups 
than in the upper socioeconomic groups, because the 
latter groups make up a smaller fraction of the population 
Hence, any use of intelligence tests that denies educational 
opportunity to children of the lower socioeconomic groups 
is a socially unhealthy act. This is the basic criticism we 
are making of current intelligence testing. 

This brings us to the second criticism made by Mr. 
Otis, namely, that we do not take account of the different 
uses to which intelligence tests are put, and of the conse- 
quent differences in desirable modes of validation of the 
tests. On the contrary, we are very much concerned with 
the uses to which intelligence tests are put. Our observa- 
tion of the use of intelligence tests shows us that where 
these tests are used in school systems on a large scale, 
they are used to determine what kinds of educational 
opportunity shall be given to boys and girls. 

In the very first grade, children in most large cities are 
segregated into “fast” and “slow” groups, partly upon the 
basis of their intelligence-test scores. This practice is con- 
tinued in many secondary schools. In many cities, dis- 
crimination against lower socioeconomic neighborhoods 
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or against ethnic groups, with respect to school equipment 
and curricula, is defended upon the basis of their low 
average test scores. Thus any cultural loading in the tests 
becomes a matter of urgent practical influence upon public 
education in this democracy. 

The school authorities go to the expense of giving 
intelligence tests, not merely as Mr. Otis claims, to 
prognosticate pupils’ ability to progress through school, 
but actually to put pupils into one or another kind of 
learning program, or to decide how much to expect from 
pupils. Ii, therefore, a boy of high innate learning ability 
but of experience inadequate to score high on a certain 
test gets a low score, he may be put into a class from 
which not much is expected, or he may be shunted into a 
curriculum that will prevent his entering college, or his 
parents may be advised that he is not “college material.” 

It is just because intelligence tests are used as a means 
of determining what educational opportunity children shall 
have, and of giving the best opportunities to children with 
the higher scores, that we insist that nothing but the best 
test of learning ability should be used in the schools. The 
best test of learning ability for use in American schools 
is one that does not penalize any group because of its 
cultural experience. We believe that such a test can be 
devised; we believe that it can be devised from problems 
which all children have had approximately equal chances 
to experience; and we expect that it will show as high a 
correlation with teachers’ ratings of the same pupils as did 
the Stanford-Binet. The correlation of the Stanford-Binet 
test with “school success” was only 0.48. 

RosBert J. HAVIGHURST 
W. ALLison Davis 
Department of Education 
University of Chicago 


THE SCIENTIST AS PHILOSOPHER 


[ wish to congratulate Dr. A. W. Lindsey on his article 


on “The Faith of Science” (SMO, May 1948). ast 
seems to me replete with good concepts and sound view 
points. 

Following through on the subject of the philosophies of 
scientists, which Dr. Lindsey and I agree in distinguishing 
from the philosophy of science, I should like to suggest 
that it is hardly necessary to concede anything like as 
much austerity to the scientist as Dr. Lindsey seems to 
assume. Is not the fact of the scientist’s leaning toward 
science usually grounded upon a warmth of imaginative 
appreciation roused in him in youth by the visible content 
of this material universe? And is not his supposed austerity 


really something rather fictitious, attribut 
by bewildered nonscientists because th 
orient themselves successfully regarding 
sonal matter of the philosophies of thei: 
Where such a group difference seems 
scientists in general and other educated p 
I hesitate to ascribe it to any higher loyalt 
part of scientists. Surely bankers, statesm: 
would be as truly averse to grounding the 
cies as would scientists. Where there 
must be due rather to the nature of the t: 
had in the process of ascertaining truth, 
their informational equipment. 

Until due allowance has been made fi 
of mental baggage, there will be many fail 
deeper similarities in the human qualities « 
and their fellow-beings. 

If our scientist has less to say about fait 
have recourse when they reach the limits 
hension, and more to say about an agnost 
craving for an explanation when accurate 
proximate) explanation is obviously beyo1 
also is not so much through austerity as 
different training in the processes of ascert 
different familiarity with the great cosmic 1 
a better appreciation of the congenial liy 
unperfected, growing, solidly verified systet 
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Department of Bio-Chemtstry 
University of Missouri 


OF ERROR, A TRACE 


It is mystifying that Professor Fergus 

such an interesting article on contact lenses (SM 

1948), should confuse optometrists with 

possibly this accounts for his statement on page 49) 

optometrists “are neither trained nor qualified to di 

eye defects or prescribe lenses, regular or contact.” 

familiar with the training and experience of optot 

knows that Professor Ferguson’s generalization has 

bases in fact, for there are a great many optometrist 

this country well qualified to determine errors of refrac 

and to prescribe eyeglasses. A sctentific mot 

not supply space for such an unjustifiable attack upo 

recognized profession and widespread practic 
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